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TRANSLATOR’ S Ni O°. BE 


ONE CAN HARDLY ATTEMPT a translation of a book on Thomas 
Kuhn’s philosophy of science without recalling Kuhn’s eloquent sum- 
mary of the translator’s dilemma: 


[The translator] must find the best available compromises be- 
tween incompatible objectives. Nuances must be preserved but 
not at the price of sentences so long that communication breaks 
down. Literalness is desirable but not if it demands introducing 
too many foreign words which must be separately discussed in a 
glossary or appendix. People deeply committed both to accuracy 
and to felicity of expression find translation painful. (Kuhn 1970b, 
p. 267) 


The line thus described is not one that may be negotiated without any 
awkwardness, for which I can only apologize. 

This book is important to those interested in the Kuhnian project 
for two reasons: first, it provides the most comprehensive critical over- 
view to date of Kuhn’s philosophy of science; and second, it offers a 
European philosophical perspective on Kuhn’s thought otherwise inac- 
cessible to many English-speaking readers. Some of the terms in which 
the resulting insights are couched will thus be familiar to students of 
Hegel and Husserl (for example) but not to others schooled in the 
Anglo-American tradition. It is my hope that the “‘translator’s notes,”’ 
which I have tried to keep to an absolute minimum, provide some 
assistance, 

Paul Hoyningen-Huene’s sensitivity both to the literal content of 
his own work and to the nuances of the English philosophical idiom 
has, through his generous corrections and suggestions on earlier drafts, 
immeasurably improved the quality of this translation. Thanks are also 
due to Herbert Levine and Sonja Lucky for providing the environment 
which made preliminary work on the translation possible, and to Ellen 
Simer and Gary Klungness for their hospitality in Zurich. Jason Frye, 
Robert Gillis, Louis Matz, Jon Stewart, and Robert Pippin offered 
helpful suggestions on terminology. Adriana Novoa, Perry Deess, 
Mariana Ortega, Camilla Serck-Hanssen, and Georg Schwarz also 
made contributions, too diverse and numerous to list. Neither these 
friends and colleagues, nor those I’ve neglected to list, are responsible 
for my straying to one or another side of Kuhn’s line. 
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FOR EWOR D 


I FIRST MET PAUL HOYNINGEN in mid-August 1984, when he arrived 
in Boston to spend a year at the Massachusetts Institute of Technology. 
Both of us were appropriately apprehensive. The visit was an experi- 
ment, and neither of us could be confident of its success. His project 
was a book about my philosophical work, most centrally The Structure 
of Scientific Revolutions. Having studied my writings for several years, 
he wished now to supplement his results by extended discussions with 
me. His initiative was accompanied by persuasive recommendations; I 
welcomed it and had promised help. But I was known to be both 
busy and irascible, especially with people—to me they seemed very 
numerous—who persisted in retrieving from my work ideas that had 
no place there, some of them ideas that I deplored. If I reacted to his 
views in the same way, trouble for us both lay ahead. Our commit- 
ments for the coming year were irretrievably in place. 

Within a few days our relief was visible, both to ourselves and to 
those around us. I rapidly discovered that Hoyningen knew my work 
better than I and understood it very nearly as well. More important, 
where I did think his understanding deficient, I found hitn both uncom- 
monly able to listen and also appropriately stubborn in defense of his 
views. Our discussions often grew passionate, and it was not always 
Hoyningen who changed his interpretation of what I had meant. I 
could not have asked for an interlocutor more patient, more indepen- 
dent, or more concerned to get both detail and overall direction right. 
Readers who care about resolving the puzzles to be found in my writ- 
ings will be in his debt for a long time to come. No one, myself 
included, speaks with as much authority about the nature and develop- 
ment of my ideas. 

As a philosopher, Hoyningen is concerned not so much with the 
development of ideas as with the ideas developed. But his inquiry has 
required the close comparison of texts written over an interval of more 
than thirty years. Those texts seldom present ideas in the same words, 
and do not even regularly present precisely the same ideas. Retrieving 
a position from them has posed formidable problems of interpretation, 
few of which I had to face myself before my work with Hoyningen 
began. Watching his book take form has forced me to rehearse the 
story of my own development, an experience that has occasionally 
proved as uncomfortable as it has been enlightening. 


el 
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What do I take to be the principal shifts in my viewpoint since the 
publication in 1962 of The Structure of Scientific Revolutions? At the head 
of the list comes a considerable narrowing of focus. Though I thought 
of that book as addressed primarily to philosophers, it turned out to 
be pertinent also to sociology and historiography of science. Asked 
what field it dealt with, I was often at a loss for response. My subse- 
quent attempts to develop the viewpoint have, however, been directed 
exclusively to the book’s philosophical aspects. Its concern with history 
has gradually been transmuted to a concern with developmental or 
evolutionary processes in general. Its sociological component survives 
mainly in the insistence that the vehicle for such processes must be a 
self-replicating population or group. Such groups I increasingly con- 
ceive as language- or discourse-communities, sets of individuals bound 
together by the shared vocabulary which simultaneously makes profes- 
sional communication possible and restricts that communication to the 
profession. 

Mention of discourse-communities points toward a series of more 
specific developments of my viewpoint. Structure included many refer- 
ences to the changes in word meanings that accompany scientific revo- 
lutions, but it spoke more often of changes of visual gestalt, changes 
in ways of seeing. Of the two approaches, meaning change was the 
more fundamental, for the central concepts of incommensurability and 
partial communication were based primarily upon it. But that basis 
was far from firm. Neither traditional theories of word meaning nor 
the newer theories that reduced meaning to reference were suited to 
the articulation of these concepts. Allusions to altered ways of seeing 
could at best disguise the deficiency. 

Since the publication of Structure my most persistent philosophical 
preoccupation has been the underpinnings of incommensurability: 
problems about what it is for words to have meanings and about the 
ways in which words with meanings are fitted to the world they de- 
scribe. These are the concerns which, a decade after Structure appeared, 
led me to emphasize the role played, at all levels of research, by primi- 
tive similarity/difference relations acquired during professional educa- 
tion. Such relations supply what I have more recently come to describe 
as the taxonomy shared by a field’s practitioners, their professional 
ontology. Some of what a group knows about the world at any time 
is embodied in its taxonomy, and changes in one or another region of 
the taxonomy are central to the episodes I have called scientific revolu- 
tions. After such changes, many generalizations that invoked the names 
of older categories are no longer fully expressible. 

Another development—the last I shall mention here—is more re- 
cent, very much stil] underway. In Structure the argument repeatedly 
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moves back and forth between generalizations about individuals and 
generalizations about groups, apparently taking for granted that the 
same concepts are applicable to both, that a group is somehow an 
individual writ large. The most obvious example is my recourse to 
gestalt switches like the duck-rabbit. In fact, like other visual experi- 
ences, gestalt switches happen to individuals, and there is ample 
evidence that some members of a scientific community have such ex- 
periences during a revolution. But in Structure the gestalt switch is 
repeatedly used also as a model for what happens to a group, and that 
use now seems to me mistaken. Groups do not have experiences except 
insofar as all their members do. And there are no experiences, gestalt 
switches or other, that all the members of a scientific community must 
share in the course of a revolution. Revolutions should be described 
not in terms of group experience but in terms of the varied experiences 
of individual group members. Indeed, that variety itself turns out to 
play an essential role in the evolution of scientific knowledge. 

The separation of concepts applicable to groups from those applica- 
ble to individuals is a powerful tool for eliminating the solipsism char- 
acteristic of traditional methodologies. Science becomes intrinsically a 
group activity, no longer even idealizable as a one-person game. The 
same analytic separation proves crucial also for questions of word 
meaning. Different individuals may pick out the referents of terms in 
different ways: what all must share, if communication is to succeed, is 
not the criteria by which members of a category ar identified but 
rather the pattern of similarity/difference relations which those criteria 
provide. It is the latter, the shared taxonomic structure, that binds 
members of the community together, and it does not require that indi- 
viduals give the same answer to the question: similar with respect to 
what? 

Essential guidance on these and other matters is provided by the 
book now before you. I recommend it warmly. 


Boston, Massachusetts Thomas S. Kuhn 
August 1988 


PREFACE 


THE GOAL OF THIS WORK IS, as suggested by its title, to reconstruct 
Kuhn’s philosophy of science, discussing along the way such funda- 
mental problems as appear in the course of reconstruction. We are 
concerned with the theory first proposed in its entirety by the American 
historian and philosopher of science Thomas S. Kuhn in this 1962 book 
The Structure of Scientific Revolutions.! This work is among the most 
influential academic books of the past quarter-century and has given 
rise to what is now an unmanageably vast secondary literature. The 
terms here coined, ‘“‘paradigm,’’ “‘paradigm change,” and “scientific 
revolution” are now commonplace not only in the study of science but 
also within individual scientific fields, and even in many less scientific 
domains. Why, then, is a reconstruction of Kuhnian philosophy of 
science needed? 

Three responses suggest themselves. First of all, Kuhn’s readers 
are far from agreeing even on the precise content of his central theses, 
let alone on their validity. On the contrary, interpretations of Kuhn— 
hence criticisms, praises, and applications of his work—are extra- 
ordinarily varied. Kuhn has himself admitted that weaknesses, obscu- 
rities, unclarity, vagueness, confusion, real difficulties, ambiguities, 
misunderstandings, substantive errors, and provisional formulations 
grounded in metaphor and intuition are all to be found both in the 
exposition of SSR and in later work, leading to a certain plasticity in 
the articulation of his position.” 

Second, as Kuhn himself has often complained,* the reception of 


1. Hereafter cited as SSR. Page references are to the only slightly revised second 
edition, published in 1970. The 1977 collection of Kuhn’s essays, The Essential Tension: 
Selected Studies in Scientific Tradition and Change, will be cited as ET. Other works by 
Kuhn will be cited by year of publication; see bibliography. 

2. Sales of the English edition of SSR had, by June 30, 1990, exceeded 740,000; SSR 
is also available in at least nineteen translations: German (1967), Polish (1968), Italian 
(1969), Japanese (1971), Spanish (1971), French (1972), Dutch (1972), Danish (1973), 
Serbo-Croation (1974), Portuguese (1975), Russian (1975), Romanian (1976), Hebrew 
(1977), Swedish (1979), Chinese (1980), Greek (1981), Korean (1981), Czech (1981), and 
Hungarian (1984). 

3. 1969, ET, p. 350; 1970b, pp. 234, 249, 250, 252, 259-260, 266; 1970c, SSR, pp. 
174, 180, 181, 185, 193, 196, 197; 1971a, pp. 139, 145, 146; 1974a, ET, pp. 293, 294, 
319; 1974b, p. 506; ET, pp. xv, xix—xx; 1983a, p. 669. Cf. Holcomb 1989. 

4. 1963b, pp. 386, 387; 1970b, pp. 231-232, 236, 259-260, 263 n. 3, 266; 1970c, 
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his theory has, despite being so widespread, failed by far to do it justice. 
But neither his expository style, which seems so easily misunderstood, 
nor the superficiality of its reception can entirely explain the distortions 
and misunderstandings typical of the popular image of Kuhn.° Indeed, 
such explanation can’t be attempted from a completely neutral stand- 
point, unbiased with respect to both Kuhn and his critics. For, from 
Kuhn’s perspective, we are here dealing with misunderstandings and 
distortions of a kind typical of situations in which, for the time being, 
only partial communication is possible. Similar situations also occur, 
according to Kuhn (though not according to some of his critics), in the 
history of science; and the heart of Kuhn’s work, in both the philoso- 
phy and the historiography of science, has been the analysis of precisely 
these situations and their wide-ranging consequences. The “arbitrary” 
or “ridiculous” appearance of elements of an as yet alien theory, taken 
“in isolation”? from one another, is characteristic of these situations, 
though the interplay of these same elements allows them to “lend each 
other mutual authority and support.”? Accordingly, Kuhn’s theory, 
too, can really be understood only when its individual components are 
likewise considered in their relation to one another. 

Third, Kuhn has expanded his theory in several respects since its 
initial articulation and continues to develop it even now. But, like SSR 
itself, the precise import of published expansions of the theory, the 
motivation behind them, and their relation to the formulations of SSR 
are subject to the most diverse interpretations. The view is widespread 
that Kuhn’s reflections on SSR and on subsequent criticisms, found in 
his widely read works of the second half of the sixties,® constitute a 
substantive modification of his theory, directed at weakening his origi- 
nal “revolutionary”’ theses.? Others claim that Kuhn “radicalized” his 


SSR, pp. 175, 198-199; ET, p. xxi; 1977c, ET, p. 321; 1983a, p. 669; 1983b, p. 712; 
1983d, p. 563. Some extreme misunderstandings and distortions are found, for example, 
in Watkins 1970 and Laudan 1984 (regarding the latter, cf. Hoyningen-Huene 1985). 
Especially accurate readings are to be found, on Kuhn’s view, in Lakatos (Kuhn 1971a, 
p- 137), and above all in Stegmiiller’s 1973 reconstruction of Kuhn’s theory by means of 
Sneedian formalism (Kuhn 1976b, p. 179). But even here Kuhn has serious reservations. 

5. Stegmiiller 1973, chap. 9, § 2, has pointedly exposed several typical misunder- 
standings of the 1960s and early 1970s. See also Hoyningen-Huene 1988; Kitcher 1983, 
p. 698 n. 2; Lugg 1987, pp. 181-182; Stegmiiller 1986, pp. 79, 340 ff. 

6. See especially 1970a, ET, pp. 266-269, and 1970b, pp. 231-232, but also earlier, 
SSR, p. x. See also § 7.5.c. 

7. 1981, p. 11; Kuhn is referring to Aristotelian physics. 

8. In particular, 1970a, 1970b, 1970c, and 1974a. 

9. Musgrave 1971 and Shapere 1971 are frequently cited and representative examples 
of this view; q.v. Curd 1984, p. 4; Newton-Smith 1981, pp. 9, 103, 113-114; Putnam 
1981, p. 126; Toulmin 1971; Watanabe 1975, p. 132 n. 1. 
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“original position” in the essays published in The Essential Tension. '° 
Kuhn, by contrast, asserts that all modifications undertaken over the 
years have left the core of his theory essentially untouched." 

Given this decidedly confused state of current discussion, an at- 
tempt to clarify fundamentals seems called for. In order to succeed, 
this clarification must clearly distinguish itself from previous readings 
of Kuhn. The approach I’ve chosen consists, for one, in a hermeneutic 
approach to Kuhnian texts. This approach assumes, first of all, that 
even texts branded by other readers as incoherent, confused, or incon- 
sistent have some discernible meaning, until the contrary is proved.) 
Furthermore, all of Kuhn’s texts must be considered and related to one 
another, under the assumption that they might thus both illuminate 
each other’s obscurities and allow us to see and understand the evolu- 
tion of Kuhnian thought.'? The product of these hermeneutic efforts is 
a text steeped in footnotes to Kuhn to an extent unusual in studies of 
science. This thoroughness is justified by the search for a high degree 
of both precision and tractability in our reconstruction. The adoption 
of such “philological” standards, though it may expose me to the 
charge of pedantry, strikes me as appropriate, given the unsatisfactory 
course of the Kuhnian debate to date. For, if the terms of Kuhn’s theory 
have become household words," the demand for clarity with regard 
to what this theory does and does not claim, whether and how its 
claims are justified, what its main problems consist in, .and in what 
respects they call for criticism and expansion is certainly timely. 

As a second and equally important method for securing an under- 
standing of Kuhnian theory, I’ve chosen to establish contact with its 
author. I spent the 1984-85 academic year at the Department of Lin- 
guistics and Philosophy at the Massachusetts Institute of Technology 
in Cambridge, Massachusetts, where Kuhn has been active since 1979. 
This one-year sojourn was followed by a number of shorter stays at 
MIT, each a few weeks in duration. Kuhn read several drafts of this 
work, and we had the opportunity to discuss many aspects of them 


10. Peterson-Falshéft 1980, p. 105. 

11. E.g. 1970c, SSR, p. 174; 1971a, p. 146; 1974a, ET, pp. 318-319; 1983a, p. 671. 

12. See, among many others, Laitko 1981; Laudan 1977, p. 231 n. 1; Meiland 1974; 
Scheffler 1972; Shapere 1964, 1971; Siegel 1976, 1980; Watanabe 1975; Wittich 1981. 

13. Even an isolated reading of SSR requires that, for a given theoretical issue, many 
passages—frequently widely dispersed—be considered. The reason for this is that the 
organization of SSR recapitulates a developmental process. Consequently, passages rele- 
vant to a given philosophical question are usually scattered throughout the text. 

14. It should be noted, by way of qualification, that many citations appear more 
ritual than substantive in nature. See, for example, the account of how Kuhn’s work is 
used in the psychological periodical literature given in Colemann and Salamon 1988, 
especially pp. 435-436. 
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in detail. In addition, I was allowed to peruse Kuhn’s unpublished 
manuscripts, ranging from earlier efforts to work currently in progress. 
On several occasions, our discussions proved especially helpful in in- 
spiring new ways of reading his texts, revealing hitherto unnoticed 
connections between bits of theory or written passages and providing 
me with constructive criticism of my approach. The fact that Kuhn 
has never laid claim to an interpretive monopoly on his earlier writings 
helped make my association with him extraordinarily fruitful and 
equally pleasant. But, for the most part,'> I will, in this book, make 
no explicit references either to my discussions with Kuhn or to his 
unpublished manuscripts, as such reference would undermine the 
reader’s ability to verify my reconstruction. 

Some readers may find three things lacking in this book: a histori- 
cal chapter, sketching the manner in which Kuhnian theory draws on 
and departs from earlier tradition in the philosophy of science; a sepa- 
rate chapter reviewing criticisms of Kuhn to date; and, finally, a chapter 
on Kuhn’s influence and on the parallels between Kuhn and other au- 
thors that constitute, or fail to constitute, evidence for influence in 
either direction. I will treat these gaps in order. 

As regards historical connections with earlier tradition in the phi- 
losophy of science in the narrow sense, that is, logical positivism and 
critical rationalism, a number of expositions are already available;'® 
while I do not always agree with their reconstructions of the Kuhnian 
position, they will suffice as a first approximation. Some connections 
with other traditions have, furthermore, been acknowledged on several 
occasions by Kuhn himself. These include debts to Conant School 
historiography;” the historiography of Koyré and his school,'® which 
in turn hearkens back to neo-Kantianism; Piaget’s developmental psy- 
chology;'” gestalt psychology;” Fleck’s sociology of science;*4 Whorf’s 
linguistic theory; Wittgenstein’s later philosophy;” and the philoso- 
phy of Quine.** These connections have also been confirmed, and to 


15. The sole exception is in § 2.2.c. 

16. E.g. Suppe 1974; Brown 1977; Bayertz 1980. 

17. SSR, pp. v, xi; 1979c, p. viii; 1983c, p. 26; 1984a, pp. 30-31. 

18. SSR, pp. v—vi; 1968a, ET, pp. 107-109, 121, 1970e, 1971c, ET, pp. 149-150; 
1977b, ET, p. 11; 1979a, p. 125; 1983c, pp. 27, 29; 1984, p. 243; 1984a, p. 30. 

19. SSR, p. vi; 1964; 1979c, p. viii. 

20. SSR, p. vi; ET, p. xiti; 1979c, p. ix. 

21. SSR, p. vi-vii; 1979c. 

22. SSR, p. vi; 1964, ET, p. 258. 

23. SSR, pp. 44-45; 1968a, ET, p. 121. 

24. 1961a, ET, p. 186 n. 9; SSR, p. vi; 1964, ET, p. 258 n. 28; 1970b, pp. 268-269; 
1970c, SSR, p. 202 n. 17; 1971a, p. 146; 1976b, p. 191; ET, p. xxii; 1979a, p. 126. 


Preface / xix 


some extent explored, by other authors,”, so I will attempt no system- 
atic analysis in this book, though I shall comment on them and others 
in the occasional footnote. Only the relationship between Kuhn’s the- 
ory and the historiographic approach inaugurated in its essentials by 
Koyré will be given any systematic exposition, for Kuhn’s theory re- 
mains unintelligible without some knowledge of its dependence on this 
kind of historiography. In addition, I will on several occasions compare 
Kuhn’s theory with Kant’s critical philosophy and with Popper’s criti- 
cal rationalism, since Kuhn’s parallels to and departures from these 
authors prove instrumental in understanding his theory. 

As far as existing criticism of Kuhn is concerned, any systematic 
treatment of this corpus is necessarily limited by its sheer volume and 
extreme heterogeneity. Far too many alleged points of criticism are 
mere misunderstandings, and the enumeration of misunderstandings is 
of only subordinate interest in the reconstruction of a theory. Criti- 
cisms of Kuhn are summarized and discussed now and then in the 
course of my reconstruction, but usually only in footnotes, for the 
business of reconstructing the theory in its development from text to 
text and of confronting the fundamental problems faced by the recon- 
structed theory seemed the most important task at hand. Of course, I 
hardly claim to have discussed all of these fundamental problems; even 
disregarding the essentially dubious nature of all such claims to com- 
pleteness, that would seem an unreasonable goal to set, for a single 
book, especially for a work dealing with such a comprehefisive theory. 

This book has waived the systematic exposition both of Kuhn’s 
influence and of the parallels between his work and that of other au- 
thors, whether or not there is evidence for influence in either direction. 
Such an exposition would doubtless touch on similarities with the phi- 
losophy of Heisenberg and that of Diirr,” on the (re)constructive the- 
ory of science articulated by Kamlah and Lorenzen,” on Feyerabend’s 
work,??> on Kuhn’s influence on Lakatos,” on the assimilation of 
Kuhnian ideas in structuralist theories of science,” on parallels to 


25. E.g. Barker 1988; Bayertz 1980; Burr/Brown 1988; Cedarbaum 1983; Mandel- 
baum 1977, pp. 449-450; Maudgil 1989, Merton 1977, pp. 71-109; Poldrack 1983; Steg- 
miiller 1973, chap. 9, § 4; Stock 1980; Wittich 1978a, 1978b, and 1981; Wright 1986; 
Wuchterl/Htibner 1979, p. 129. 

26. See, above all, Heisenberg 1942 (along with Diirr 1988, pp. 131-142); Diirr 1988, 
especially pp. 26-49. 

27. See Kamiah and Lorenzen 1967. 

28. See, for example, Feyerabend 1976, 1978a, and 1981a. 

29. See, for example, Lakatos 1978. 

30. See Sneed 1971, chap. 8, as well as Stegmiiller 1973, 1974, 1980, and 1986, along 
with their citations. 
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Hiibner’s philosophy”! and to Rescher’s,* on (radical) constructivism, 


and on recent work by Putnam™ and Goodman.* I will also waive 
discussion of Kuhn’s enormous impact in individual disciplines, espe- 
cially the humanities.*° The neglect of these topics is motivated not by 
lack of interest but rather by the concentration necessary in pursuit of 
the reconstructive and critical goals of this work. I will occasionally 
footnote particularly striking parallels to other authors, but with no 
pretensions to systematicity. 

This project has profited from many sources of support. A grant 
from the Canton of Zurich Fund for the Promotion of Academic Pos- 
terity, * a stipend for living expenses from the Swiss National Science 
Foundation, ** and an MIT grant for travel expenses provided the fi- 
nancial assistance that made this effort possible. Victor Gorgé (Bern), 
Dieter Groh (Konstanz), Trude Hirsch (Zurich), Stefan Niggli (Zu- 
rich), Ulrich Réseberg (East Berlin), and Thomas Ubel (Cambridge, 
MA) provided critical commentary of some chapters and sections. The 
final draft of this work was produced in the stimulating, creative atmo- 
sphere of the University of Pittsburgh’s Center for Philosophy of Sci- 
ence, where, thanks to an invitation by Adolf Griinbaum and Nicholas 
Rescher, I spent the 1987-88 academic year as a Senior Visiting Fellow. 
Special thanks are due to Paul Feyerabend, who read several versions 
of the entire manuscript as fast as individual sections could come off 
the printer. And finally, last but not least, my thanks go out to Thomas 
Kuhn, whose extraordinary hospitality in Cambridge and Boston fos- 
tered both my progress and my enjoyment of this project to a degree 
I would never have expected. 


* Kredit zur Forderung des akademischen Nachwuchses des Kanton Ziirich 

** Schweizerischer Nationalfonds zur Férderung der Wissenschaftlichen Forschung 

31. See Htibner 1978. 

32. See especially Rescher 1973 and 1982. 

33. See e.g. Gumin and Mohler 1985 and Schmidt 1987, with further references. 

34. See, above all, Putnam 1978, 1981, and 1983; Kuhn remarks on these parallels in 
his 1989a, p. 25 n. 26, and in 1990, p. 317 n. 23. An overview of Putnam’s recent work 
which exhibits these parallels clearly (if not explicitly) is provided by Franzen 1985; 
compare also Stegmiiller 1979, chap. 3.3. 

35. See Goodman 1978 and 1984, chap. 2. 

36. For a treatment of this topic, see e.g. Hollinger 1973 and other contributions to 
Gutting’s 1980 anthology, all of which, however, serve only to reveal the tip of the 
iceberg. 


PART Oro NE 


Introduction 


CAA OPT CER ONE 


The Topic of Kuhn’s 
Philosophy of Science 


THE TOPIC OF KUHN’S PHILOSOPHY OF SCIENCE is scientific devel- 
opment.’ As straightforward as this definition might seem at first 
glance, it calls for many points of clarification. To begin with, the 
concept of “‘scientific development”’ itself requires more accurate defi- 
nition, first of all because the notion of a “‘science’’ has been applied 
with varying connotations and degrees of breadth. In addition, “‘devel- 
opment” is properly used only to describe a change over time, and the 
question of how this change is best conceived remains open (§ 1.1). 
Next, we must ask in what manner this scientific development becomes 
accessible; for whatever we understand by scientific development, it is 
surely not an immediate given. What are “given” are testaments to and 
traces of the past, on the basis of which a reconstructior® of scientific 
development can occur. The question thus amounts to a demand for 
the principles according to which scientific development is recon- 
structed from these traces—the principles that turn our unavoidable 
constructions into an adequate reconstruction (§ 1.2). Third, we must 
explore the particular focus which guides Kuhn’s project, for an interest 
in scientific development can arise from many different perspectives. 
Kuhn is concerned with a general theory of scientific development that 
captures the structure of that process; it is thus natural to ask what we 
are to understand by the structure of scientific development in general 
and by the structure of individual scientific revolutions in particular 


(§ 1.3). 


1. This feature is attested at many places, for example 1959a, ET pp. 225, 232; 1961a, 
ET p. 221; SSR pp. ix, x, 3, 6, 16, 17, 24, 92, 94, 96, 108, 109, 141, 160, 170; 1968a, 
ET p. 118; 1970a, ET p. 266; 1970c, SSR p. 180; ET pp. ix, xv; 1977c, ET p. 338; 1981, 
p. 7; 1983c, p. 27. 
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1.1 The Issue: Scientific Development 


In defining the central issue of a general theory of scientific develop- 
ment, two questions emerge: First, how should the total domain of 
science to which this theory is meant to apply be defined (§ 1.1.a), and 
second, how should the elements of this total domain be identified— 
how big are those “‘pieces”’ of the total domain that count as the the- 
ory’s particulars? (§ 1.1.b) 


a. The Total Domain of Science 


The task of defining the total domain of science can be divided into 
two subtasks. First, we must specify the disciplines belonging to this 
domain (point 1). Does this range include all fields commonly called 
“the sciences,”’ or is it rather limited to the ‘“‘hard”’ sciences?* Does it 
include only basic science, or also applied studies? Next, we must state 
those aspects of science we take to be relevant in defining our total 
domain (point 2). Should we limit our exploration to the epistemic 
aspect of science, thus defining science only qua scientific knowledge, 
or also make use of social, political, economic, and cultural aspects of 
scientific activity? 


1. Itis misleading even to say, as we have, that the issue of Kuhn’s 
theory is “scientific development,” for ‘“‘the sciences” encompass more 
than the ‘“‘hard science’? with which Kuhn is actually concerned. This 
domain includes the natural sciences and the systematic social sci- 
ences;” history and philosophy, including the philosophy of science, 
are explicitly excluded.? Kuhn’s theory also claims to address the bio- 


* Translator’s note: Here, as in the following paragraph, the discussion makes use 
of the diverging connotations of the English “‘science,’’ and its German counterpart, 
“‘Wissenschaft.” I have tried to capture this distinction by rendering “science” as “hard 
science,” and “Wissenschaft” as “the sciences.” 

2. Kuhn’s inclusion of the social sciences can be inferred, for example from SSR, 
pp. 15, 21. 

3. The exclusion of history, especially the historiography of science, from the sciences 
is explicitly stipulated in 1970e, p. 67, where Kuhn states that “Outside of the sciences, few 
fields of scholarship have been so transformed in the past thirty years, as the historical 
study of scientific development” (Emphasis added). The exclusion of philosophy and 
history from the domain of Kuhn’s theory has the consequence that this theory is not 
self-applicable—at least not immediately (see Wendel 1990, p. 31 n. 1, or similarly p. 
168). Thus arguments against the theory which turn on its unmediated self-application 
become problematic (see e.g. Briggs and Peat 1984, p. 34; Holcomb 1987, p. 475; Kordig 
1970; Radnitzky 1982, p. 71; Scheffler 1967, pp. 21-22, 74; Scheffler 1972, pp. 366-367.). 
Nonetheless, Kuhn himself occasionally appears to apply the theory to itself; witness his 
references to a crisis in the “philosophical’’ or “epistemological” paradigm (SSR, p. 121; 
similarly on p. 78), to the “gestalt switch that still divides us [Kuhn and Popper] deeply” 
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logical sciences;* though these are extremely underrepresented in his 
examples. 

Now it might appear that Kuhn’s theory prejudices the demarca- 
tion criterion separating science from nonscience by importing a more 
or less determinate understanding of ‘‘science.”’ It is indeed the case that 
Kuhn starts from, and must start from, a determinate understanding of 
science. But we can distinguish the problematic from the unproblem- 
atic features of this understanding. A presupposed understanding of 
science is unproblematic insofar as it involves only the extensional clas- 
sification of uncontroversial cases; Newtonian mechanics, Maxwellian 
electrodynamics, Einsteinian relativity theory, and Darwinian evolu- 
tionary theory can all be classified as sciences, though the nature of 
those common characteristics by virtue of which they are so classified, 
if there are such, remains open. However we choose to define science, 
our definition is adequate only if it encompasses these fields. Nonethe- 
less, it is possible that our choice of uncontroversial cases biases us in 
favor of certain areas of scholarship to the detriment of others, thereby 
undermining our theory’s relevance to the neglected disciplines.° 

A presupposed understanding of science really becomes problem- 
atic when it decides controversial cases (for example, astrology, psycho- 
analysis, “Marxism,” Aristotelian dynamics), thus prejudicing any 
definition of the concept of science by preempting a great deal of 
needed discussion. As far as contemporary fields of controversial scien- 
tific character are concerned, Kuhn avoids the problem by leaving their 
status open. Where historical fields of study are of questionable scien- 
tific status, either because it’s not clear if they were science or not, 
or, if they weré science, then ‘“‘good science” or “‘bad science,” our 
assessment will depend on the manner in which they are reconstructed 
from accessible remnants.° The complex of problems surrounding the 
assessment of historical fields will be discussed in § 1.2; for now, how- 
ever, their scientific status must remain an open question. 


(1970a, ET, p. 292), and to such talking “‘at cross-purposes”’ (rather than mere “‘difference 
of opinion”) that characterizes his dialogue with some of his critics (1970b, p. 233). In 
§ 3.8 I will return to discuss the central argument from self-application against Kuhn’s 
theory. 

4. SSR, pp. ix, 21. 

5. Mayr 1971, pp. 277, 294, claims that biology has been so neglected. See also 
Greene 1971, Ruse 1970, 1971. 

6. The manner of reconstruction can also have a great bearing on our treatment of 
more recent fields, as illustrated by the controversy over the early history of quantum 
theory (see Kuhn 1978; Klein 1979; Pinch 1979; Shimony 1979; Foley 1980; Kuhn 1980b, 
1980c; Galison 1981; Nicholas 1982; Kuhn 1984). But what’s decided by the manner of 
reconstruction isn’t so much the scientific character of these fields but is rather the 
importance of individual scientific contributions. 
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The total domain of science must now, qua object of Kuhn’s the- 
ory, be narrowed further, for only ‘‘pure science”’ (or “basic science’), 
as opposed to applied science or technological invention, is at issue.’ 
Pure science is distinct from applied science in that its research topics 
are chosen on the basis of reasoning and assessment internal to science, 
not derived from social, economic, or military interests.° To be sure, 
the distinction between pure and applied research appears problematic 
in many areas of contemporary science, as, for example, in the study 
of cancer or nuclear fusion. It remains serviceable, however, as wit- 
nessed by the fact that many cases, past and present, can be decided 
without difficulty. Kuhn himself stresses that the pure/applied distinc- 
tion requires closer examination.’ As the choices of representative cases 
of basic science used in the exposition of Kuhn’s theory have, to the 
best of my knowledge, not sparked any controversy in subsequent 
debate, I will not pursue any problems arising from the distinction 
here. We must simply remember that Kuhn’s theory addresses only 
“pure” science and thus proceeds under the assumption that pure and 
applied sciences can be distinguished. Future science may violate this 
assumption. 

For ease of exposition, I will use “‘science” to denote the pure sci- 
ences, where not otherwise indicated. 


2. The total domain of science must be determined in one further 
respect in order to prepare it for treatment in a general theory of scien- 
tific development: we must specify which of the many aspects of sci- 
ence are of interest and which aren’t.'° One commonly used, narrowly 
circumscribed conception of science captures only those aspects per- 
taining to science qua form of knowledge: all those objects with special 
pretensions to scientific status. Roughly speaking, this conception cov- 
ers the contents of scientific publications. It can be called the “‘episte- 
mic” (or “theoretical,” or “‘cognitive’’) conception of science. Less nar- 
row, or at least different, conceptions of science can be obtained by 
taking other, nonepistemic aspects into consideration. For example, an 
exploration of the values and norms guiding scientific action allows us 
to treat science as a ‘“‘social system.”’'' Or one might further examine 
quantitative aspects of scientific development, such as numbers of sci- 
entists or publications. 7 Finally, science can be described as one of 


7. 1959a, ET pp. 233, 237. 

8. 1959a, ET pp. 237-238. See Radnitzky 1983, pp. 238-240, and Radnitzky 1986, 
pp. 105-106. 

9. 1959a, ET p. 238. 

10. See Diemer 1970 for the following. 

11. For example, Merton 1942 and Storer 1966 take this approach. 

12. As attempted in Solla-Price 1963. 
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many species of human culture, involved in the most diverse interac- 
tions with economics, politics, art, religion, and other such species. 
This broadest of all descriptions yields the “‘sociocultural” conception 
of science.'? 

Kuhn’s interest lies in the development of science in its epistemic 
sense.'* This definition of the central issue of a theory of scientific 
development leaves two of its features entirely open. First of all, it 
presupposes nothing about the form, locus, or degree of certainty of 
scientific knowledge. Our definition assumes only that the sciences will 
offer us objects with claims to special epistemic status, the objects with 
whose development we are concerned. In addition, nothing has been 
assumed about the kind of ancillary apparatus we will need to adduce 
in order to explain the development of scientific knowledge. In particu- 
lar, it remains open whether the corpus of scientific knowledge itself 
provides enough for this explanatory task or whether social, economic, 
political, psychological, and other factors must also be taken into con- 
sideration. In other words, we remain neutral with respect to the even- 
tual adoption of an internalist or externalist position, regardless of 
where the proper boundary between internal and external explanations 
turns out to lie. 


b. Permissible Units of Analysis within the Domain of Science 


Having fixed the total domain of science qua object domain for a theory 
of scientific development, we still have not yet adequately determined 
the issue of this theory. For the manner in which elements of this total 
domain, the particulars to which the general assertions of the theory 
apply, should be individuated, remains open. The regimentation of our 
total domain of science, the relevant aspects and disciplines of which 
we have already specified, might evidently proceed in a number of 
ways. Division along three different axes allows us to specify “‘pieces”’ 
of different sizes as potential elements of the total domain. A rough 
division along the disciplinary axis'> allows us to distinguish three cate- 
gories of pure science; these are the sciences of inorganic, organic, and 
social worlds, respectively. A somewhat finer-grained categorization 
along this same axis would distinguish actual disciplines, such as as- 


13. The purpose of this taxonomy of the aspects of science is neither the precise 
differentiation of these possible conceptions nor any assertion regarding the utility of 
some particular nonepistemic approach (see 1976a, ET p. 34). My aim is rather to draw 
attention to the variability of the concept of science along this axis, thereby emphasizing 
the need for further definition. 

14. See for example SSR, p. 11; 1970a, ET, p. 267; 1983c, p. 28 and elsewhere. 

15. 1970c, SSR p. 177. 
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tronomy, physics, chemistry, biology, etc. A still finer-grained treat- 
ment of the disciplinary axis would yield subdisciplines, as for example 
those of physics: mechanics, acoustics, thermodynamics, optics, etc. 
Finally, we would arrive at the special problems within each subdisci- 
pline. Along the temporal axis, a given disciplinary determined element 
of the domain can, for example, be examined with a view toward 
change over a particular time interval, or alternatively, with an eye to 
its long-term dynamic. And finally, we might focus our attention on 
the epistemic axis, taking the development either of the whole body of 
knowledge or of such parts as individual concepts, methods, or theories 
as of special interest. 

Although in SSR Kuhn fails to address explicitly the aforemen- 
tioned three viewpoints from which a theory of scientific develop- 
ment’s units of analysis might be identified, in his postscript to SSR 
he acknowledges the deficit and treats it in greatest detail.'® 

For Kuhn, the manner in which the total domain of science is 
to be divided into particulars for treatment in his theory of scientific 
development is of more than coincidental interest. Indeed, there exists 
a criterion for determining whether a choice of some particular set of 
units of analysis is legitimate. This criterion demands that one or more 
scientific communities actually take, or took, each disciplinary, tempo- 
rally, and epistemically determined unit in question as its (their) proper 
field of study.'” Thus only those elements of the total domain of science 
for whose dynamic some responsible agent can be found, in the form 
of one or more scientific communities, constitute acceptable units of 
analysis. But how, precisely, does Kuhn circumscribe the notion of a 
scientific community? 

In SSR, the concept of a scientific community is introduced along 
with that of a paradigm;'® the scientific community is characterized by 
its possession of a paradigm, and conversely, the paradigm is that 
which makes the scientific community what it is. In papers written 
in 1969, Kuhn criticizes this mode of introduction for its “intrinsic 


16. 1970c, SSR pp. 176-181. On p. 180, Kuhn discusses his ‘‘vagueness about the 
nature and size of the relevant communities” in SSR. The reason for my reference here 
to a passage in which the size of scientific communities is at issue will soon become clear. 

17. This criterion emerges, for example, from 1970c, SSR pp. 179-180 (similarly 
from 1970b, pp. 254-255.). Here Kuhn defends himself against the claim, put forth by 
some critics (Shapere 1964, p. 387; Watkins 1970, p. 34; Popper 1970, pp. 54-55), 
that the theory of matter, as it existed from ancient to modern times, constitutes a 
counterexample to his theory of scientific development. His reply is that this theory was 
never, at least until roughly 1920, the province of any particular scientific community. 
See also 1968a, ET p. 109; 1976a, ET pp. 32-33. 

18. SSR, p. viii. 
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circularity’’'? and suggests that, were he to produce a new edition of 


his book, he would take advantage of the opportunity to define the 
concept of a scientific community without reference to the concept of 
a paradigm: 


I would now insist that scientific communities must be discovered 
by examining patterns of education and communication before 
asking which particular research problems engage each group.”! 


In other words, the set of a scientific community’s attributes can be 
divided into two subsets. The first subset, containing features of com- 
munity education and communication, is used to identify the commu- 
nity. The second, which incorporates other sociological features, as 
well as scientific contents, can be used, among other things, to explain 
the attributes in the first subset.” In what follows, we will attempt to 
trace the path indicated by Kuhn, though our characterization of scien- 
tific communities must remain as provisional as Kuhn’s own. 

“A scientific community consists,’ Kuhn tells us, “of the prac- 
titioners of a scientific specialty.”’? Members of the community exhibit 
a suite of common traits: 


—“similar educations”’ and 

—similar “professional initiations.’’ They have, over the course 
of their initiation to science, 

—‘‘absorbed the same technical literature’? and % 

—‘‘drawn many of the same lessons from it.” 


19. 1974a, ET pp. 294-295; 1970c, SSR p. 176; similarly 1970b, p. 252; ET pp. 
xv-xvi, —-Of the “consequences” of this circularity, “the most damaging” is thought 
by Kuhn to be the manner in which it led him to distinguish the “preparadigm period” 
from the “‘so-called postparadigm period” (1974a, ET p. 295 n. 4; similarly 1970b, p. 
272 n. 1; 1970c, SSR pp. 178-179). I have incorporated the thrust of these amendments 
to SSR in my formulation of the legitimacy criterion for units of analysis, by stipulating 
that candidate fields must have been studied by one or more scientific communities. 

20. 1970b, pp. 252, 271; 1970c, SSR p. 176. 

21. ET, p. xvi; similarly 1970b, p. 253. One possible misunderstanding should be 
anticipated here. Kuhn does not mean to suggest that scientific communities must be 
identified exclusively by means of criteria having nothing to do with scientific content, 
for given such social indicators alone, distinguishing communities of scientists from 
communities of philosophers, mystics, religious believers, engineers, and the like might 
prove problematic (see Musgrave 1971, pp. 287-288). The issue is rather the identifica- 
tion of communities within the total domain of science—hence our initial discussion of this 
domain. 

22. This second, explanatorily potent class of attributes is the “disciplinary matrix” 
(1974a, ET p. 297; 1970b, p. 271; 1970c, SSR pp. 178, 182). See §4.3. 

23. 1974a, ET p. 296; 1970b, p. 253; 1970c, SSR p. 177. 
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Furthermore, 
—“the boundaries of that standard literature mark the limits of a 
scientific subject matter.”’** 


This list applies to all scientific communities. Further traits can 
be specified only when we have distinguished two kinds of scientific 
community. In the so-called normal case, the scientific community 1s 
the only one exploring that subject matter defined by its particular 
standard literature. In other cases, we find different communities ex- 
ploring the same field from mutually incompatible points of view. 
Such communities, in constant competition with one another, are 
called “‘schools.”” While Kuhn specifies no additional typical traits for 
such schools, he does suggest plausible candidate attributes for the 
competitionless communities—plausible when one considers the likely 
past emergence of such communities out of a victory over competing 
schools:”° 


—“the members of a scientific community see themselves and 
are seen by others as the men uniquely responsible for the 
pursuit of a set of shared goals, including the training of their 
successors.” 

—“Within such groups communication is relatively full,” and 

—‘professional judgment relatively unanimous. ”’”” 


There is reason to question whether the 1969 approach to the con- 
cept of a scientific community really captures Kuhn’s own intentions 
by articulating “the intuitive notion of community that underlies much 
in the earlier chapters of [SSR].””* In particular, two objections might 


24. 1970c, SSR p. 177. The same list can be found in less detail, and without the 
distinction which follows, in 1974a, ET p. 296, and 1970b, p. 253. 

25. Two limiting qualifications must be mentioned here. Even in the preface to SSR, 
Kuhn claims that his distinction between pre- and postparadigm periods is “much too 
schematic” because, among other reasons, “there are circumstances, though I think them 
rare, under which two paradigms can coexist peacefully in the later period” (p. ix). In 
this case the field is worked, not by a single community with no competition, but by 
two peacefully coexisting communities. In later work, Kuhn allows that even where a 
community appears to be without competition, “Research would, however, disclose 
the existence of rival schools as well” (1970b, p. 253; q.v. 1970c, SSR p. 209). These 
qualifications do not, however, appear to undermine the distinction between the two 
different forms of community, especially insofar as these are distinguished by divergent 
scientific practice (see chap. 5). 

26. These traits do not apply to competitionless communities working new fields of 
study when these have resulted from the splitting or joining of preexisting competi- 
tionless communities (1959a, ET p. 231, SSR p. 15; 1963a, p. 353). For a detailed 
discussion of the emergence of competitionless communities, see § 5.5.b. 

27. 1970c, SSR p. 177; g.v. 1969c, ET p. 344; 1970b, p. 253; 1985, p. 24. 

28. 1970c, SSR p. 176. 
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be raised. To begin with, this concept of community appears too nar- 
rowly contemporary,” for such features as “similar education”? and 
“similar professional initiation” (as well as the feeling of responsibility 
for a given discipline) presuppose that science takes the fairly rigidly 
institutionalized, specialized, and professionalized form that Kuhn him- 
self claims is only some 150 years old.*° Furthermore, the concept of 
the second type of community, the school, has been too little developed 
in its own right and too closely identified with the first type of commu- 
nity.' In SSR, Kuhn explains how the initial transition to a situation 
free of competition “‘transforms a group previously interested merely 
in the study of nature into a profession or, at least, a discipline.”? 
This transformation is claimed to entail a “more rigid definition of the 
scientific group.”’*> Thus an adequate explication of the notion of a 
scientific school would have to leave room for the diffuse cohesion 
characteristic of groups engaged in the study of nature prior to the 
attainment of a competitionless environment.™* 

Regardless of whether our concept of a scientific community is 
sufficiently sharp, or sensitive to historical change, we must ask the 
following question: why should only those disciplinarily, temporally, 


29. See 1972a, especially p. 177, where Kuhn criticizes Ben-David for his ahistorical 

use of the concept of a “‘scientific role.”” Kuhn here appears to have committed a similar 
error. ' 
30. SSR, p. 19; also 1963a, p. 351. —Revealingly, the examples of séientific commu- 
nities by which Kuhn illustrates his definition in 1974a, ET p. 296, and 1970c, SSR 
pp. 177-178, are mostly taken from modern, professionalized science: communities of 
physicists, chemists, astronomers, zoologists, organic chemists, protein chemists, high 
energy physicists, solid state physicists, and radioastronomers. 

31. This is a consequence of Kuhn’s departure from SSR, begun at 1974a, ET p. 295 
f. 4, in which his treatments of the research undertaken within a school of the prenormal 
period and of normal science can be seen to converge (see chap. 5 on normal and prenor- 
mal science). The road to this convergence, itself a consequence of the changing function 
of the notion of a paradigm (see §§4.2.b, 5.1), was already prepared in SSR (p. ix). In 
SSR, the characteristics of scientific communities are explicitly deduced from the practice 
of normal science, under the assumption that it is this activity for which scientists are 
normally trained (SSR, pp. 168-169). Though the text of 1974a fails to distinguish the 
two types of community (ET p. 296), the aforementioned convergence is suggested in 
Kuhn's lengthy footnote 4. The innovation made explicit in this footnote is worked into 
the distinction between the two types of community as presented in 1970b, p. 253, and 
1970c, p. 177. The same footnote also appears, somewhat modified, as 1970b, p. 272 n. 
1, and is finally incorporated into the text of 1970c, SSR pp. 178-179, where the conse- 
quences of the convergence are brought to fruition. See 1974b, p. 500 n. 2, and ET p. 
xx n. 8 regarding the order of composition of 1974a, 1970b, and 1970c. 

32. SSR, p. 19. 

33. Ibid. 

34. See the criticism of Kuhn’s treatment of the prenormal phase of scientific develop- 
ment offered in Mastermann 1970, pp. 73~75. 
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and epistemically determined fields of science that are (were) actually 
studied by one or more scientific communities be taken as acceptable 
units of analysis for a theory of scientific development? In order to 
answer this question, we must first address the broad complex of prob- 
lems surrounding the manner in which we gain access to scientific 
development qua central issue of Kuhn’s theory. As the actual chain of 
past events in which the development of science consists can never be 
immediately accessible, it must be constructed out of available reports 
and other traces. But what transforms this unavoidable construction 
into an accurate reconstruction of the past? According to what princi- 
ples should the construction be made? 


1.2 The Construction of the Target Issue: 
The Historiography of Science 


Reconstructing the development of particular fields of science insofar 
as they were practiced by particular scientific communities is, of course, 
the job of the historiography of science, not that of a general theory 
of the structure of scientific development. Accordingly, Kuhn’s theory 
is methodologically dependent on the historiography of science in that 
it must allow the latter to furnish it with its particulars. It reflects on 
the representations of particular scientific developments provided by 
historiography, thus “making explicit some of . . . historiography’s 
implications”;*> it is “metahistorical.”°© The principles according to 
which particular scientific developments are constructed should thus 
be sought not in Kuhn’s theory itself but in historiography. 

But “the historiography of science,” thought of as a single field 
guided by some specific set of principles, hence as in some sense homo- 
geneous, is a fiction. It remains so even when our primary interest is 
confined to the internal historiography of science, which addresses sci- 
ence only qua form of knowledge.*’ For since the 1920s, according to 
Kuhn, the historiography of science has been in the midst of a thorough 
transformation, an ‘intellectual revolution.’’*® This revolution is di- 


35. SSR, p. 3. 

36. In ET’s table of contents (ET, p. vii), Kuhn uses this term to differentiate his 
“theoretical” work from his historiographic efforts. 

37. See 1968a; 1971c, ET pp. 159-160, and 1979a on the distinction between the 
internal and the external historiography of science. 

38. 1970e, p. 67; also SSR, p. 3; 1962d, ET p. 165; 1984, p. 244. In 1986, p. 30, 
Kuhn calls this change in the historiography of science a “transformation ({ shall not say 
a revolution).” 
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rected against a tradition of historical writing on science whose meth- 
odological apparatus has resulted in the view of scientific development 
as a cumulative process.*? Until the 1960s this view of scientific devel- 
opment was almost always accepted without question—and without 
any cognizance of its dependence on the methodological apparatus of 
an underlying historiography of science, either. One product of the 
historiographic revolution is the ‘new internal historiography of sci- 
ence,” whose methodological repertoire is distinct from that of earlier 
histories.*? Kuhn’s goal is to propose a new picture of science and scientific 
development, in particular of scientific progress, grounded in this new historiog- 
raphy.*' Accordingly, we must seek the principles for constructing the 
target issue of Kuhn’s theory in the methodological apparatus of the 
new internal historiography of science. 

But how do we determine the features of a particular brand of 
historiography’s “‘methodological apparatus,” the set of presupposi- 
tions this historical approach makes about its subject matter? These 
features may be gleaned by asking after the criterion of comparative histori- 
cal relevance guiding the historiography in question. All historical re- 
porting needs such a criterion, whether implicit or explicit, conscious 
or unconscious, in reciprocal interaction with the history’s narrative 
content or otherwise.* This criterion is indispensable on the grounds 
that some decision must be made as to what belongs in a given histori- 
cal narrative and what doesn’t.” The criterion must be comparative in 
that it allows us to distinguish degrees of importance. Stéries may be 
told more or less comprehensively; shorter versions need not omit 
essentials, and neither must longer versions incorporate inessentials. 

The concept of historical relevance can be further defined by distin- 
guishing three of its moments (in the Hegelian sense). Each of these 
moments selects narrative material, and their selections may, in exten- 
sion, overlap partially or even entirely. The moment of factual relevance 
selects for material which must be included in order for the history of 


39. SSR, pp. 1-3, chap. 9. 

40. As a historian, Kuhn himself is a member of this new school and was influential 
in promoting its institutionalization in the United States; see 1984a and 1986. 

41. SSR, pp. ix, x, 1, 3, 160; 1968a, ET p. 121; 1970c, SSR pp. 207-209; ET, pp. 
xiv-xv; 1980a, p. 188; 1984, pp. 231, 243, 252. 

42. See Kuhn 1980a, pp. 182-183, regarding this issue. 

43. See, for example, Hegel’s Lectures on the History of Philosophy, in his Works, vol. 
18, p. 16ff; Agassi 1963; Danto 1965, chap. 7. Kuhn 1971a, p. 138 (or similarly pp. 141, 
142; 1977b, ET pp. 14, 16-17). “No historian, whether of science or some other human 
activity, can operate without preconceptions about what is essential, what is not” (Laudan 
1977, pp. 164-165). 


14 / Introduction 


a given thing, of a historical “reference point,” to be told at all? “The 
moment of narrative relevance selects for material which must be taken 
into account if the resulting text is to be a proper narrative. Such 
material includes those facts by which a historical report gains needed 
narrative continuity, or facts which serve to make plausible what would 
otherwise be implausible.* Finally, the moment of pragmatic relevance 
selects for material without which the pragmatic goal of a historical 
narrative cannot be realized. Thus the content of a historical narrative 
is determined in part by the audience to which it is addressed and in 
part by the effect it is meant to have on this audience. 

Let us begin by inquiring into the relevance criterion of the old 
internal historiography of science (§1.2.a) and into the causes which 
led to the abandonment of this approach (§1.2.b). Then we will be in 
a position to characterize the new internal historiography and its crite- 
rion of historical relevance by contrast (§1.2.c). 


a. The Old Internal Historiography of Science 


The criterion of historical relevance of the old internal historiography 
of science can be understood by reference to the overarching goal of 
this form of historiography; 


The objective of these older histories of science was to clarify and 
deepen an understanding of contemporary scientific methods or 
concepts by displaying their evolution.”” 


Their primary goal was thus of the didactic or pedagogical variety, 
arising either from the particular aim of science education—showing 
students the historical path to the current state of knowledge in their 
respective fields—or from a more general desire to extract useful les- 
sons from the history of scientific thought. As might be expected, 
most authors of such scientific histories were themselves scientists who 


44. See Liibbe 1977 on the concept of a historical reference point [Referenzsubjekt]. 

45. See 1971a, p. 142; 1977b, ET p. 17. 

46. See 1983a, pp. 677-678. 

47. 1968a, ET p. 107, original emphasis. Regarding the following discussion, see 
1955a, pp. 94-95; SSR, pp. 1-3, 98-99, chap. 11 1962d, ET pp. 165-166; 1964, ET 
p. 253; 1968a, ET pp. 105-108; 1970e, pp. 67-68; 1971c, ET pp. 148-149; 1976a, ET 
pp. 32-33; ET pp. x-xi; 1977b, ET pp. 3-4; 1980a, pp. 184-185; 1984, p. 248; 1986, 
pp. 30-31, 33; 1989b, pp. 49-50. I have limited myself here to references to Kuhn’s own 
work, as Kuhn’s perspective on earlier historiography and his reasons for taking it as 
insufficient have the most direct bearing on the understanding of his theory. 
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worked in, or had worked in, the field in question. In accordance with 
its specifically didactic role, this form of historiography usually, though 
not invariably, found its literary niche in the scientific textbook or, 
earlier, the “‘classic,”” and in such works was concentrated in introduc- 
tions and scattered passages. 

The preferred topic of this historiographic tradition was, again in 
accordance with its pedagogical intentions, disciplinary and subdiscipli- 
nary history. Those components which remained part of a field at 
the time of its history’s composition, and could thus be taken as the 
completed, enduring property of science, were considered both of prag- 
matic and of factual relevance. For they constituted the matter toward 
which the history’s audience was to be guided. The job of the historiog- 
rapher was to discover these components in earlier texts, then relate in 
chronological order the inspired, yet methodical, work leading to their 
discovery or invention, especially by scientist-heroes. In this manner, 
the progressive accumulation of elements of contemporary science to- 
ward attainment of the field’s current position could be revealed. It 
follows that dating the acquisition of new components and crediting 
their discoverers or inventors was of great narrative relevance, for by 
this means the elements of contemporary knowledge could be orga- 
nized into a coherent narrative. In addition, factors external to science 
might occasionally prove of narrative relevance, as when particular 
technical developments gave impetus toward innovation, or when pe- 
riods of stagnation could be explained by the influence 6f religion or 
other forms of dogmatism. Other factors external to science could be 
and had to be omitted, for none of the three moments of historical 
relevance justified their inclusion. Relatedly, the elements of past sci- 
ence that, from the contemporary perspective, appeared as some vari- 
ety of error, resulting from mistakes, confusion, idiosyncrasies, myth, 
or superstition, were of no intrinsic interest. For such elements had, 
in the course of scientific development, been banned from science as 
“‘prescientific” or as ‘““bad science.”’ Only that which history had pre- 
served to the present day could be factually relevant. 

The old historiography of science, organized in this way, engen- 
dered a view of scientific development with the following two features. 
First, the history of science is a history of progress, of the ongoing tri- 
umph of “reason,” “‘scientific rationality,” or the “scientific method.” 
Second, this progress is cumulative, a steady accretion of new bits of 
knowledge, some big, some small. The acquisition of new knowledge 
never affects the truth of prior knowledge, though perhaps some overly 
ambitious claims of the past, which never really belonged in science in 
the first place, are corrected. 
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So how could doubt be shed on the adequacy of this form of historiog- 
raphy? Kuhn lists a total of five factors which ultimately lead to the 
“historiographic revolution.” 


1. This type of historiography regularly causes the historian certain 
difficulties which, paradoxically, are exacerbated rather than alleviated 
by more detailed historical research. Such difficulties can be divided 
into three types. 

First, we find that any program that seeks to order discoveries 
chronologically and determine their respective discoverers becomes 
problematic because it assumes that scientific discoveries are more or 
less precisely datable events.*° Closer examination of such discoveries, 
however, reveals that those belonging to the class of unexpected dis- 
coveries are temporally extended processes consisting of numerous 
phases. The temporal structure of these discoveries is best explained 
by the fact that the conceptual system in light of which, at a given 
time, a given past discovery appears as a newsworthy event was itself 
developed in part over the course of this same process of discovery.*! 

Second, attempts to brand those propositions of past science no 
longer found in contemporary science as error, superstition, myth, 
badly conducted science, or prescientific thought also turn out to be 
problematic. For here closer historical study shows that such typical 
examples as Aristotelian dynamics, phlogiston chemistry, and caloric 
thermodynamics are not less scientific views of nature than contempo- 
rary science; on the contrary, they 


can be produced by the same sorts of methods and held for the 
same sorts of reasons that now lead to scientific knowledge.” 


Third, portraits of the major figures of science drawn by this form 
of historiography are sometimes quite implausible. Aristotle, for exam- 
ple, appears to be a terrible physicist if we evaluate his Physics according 
to how closely it approximates Galilean-Newtonian physics. But from 


48. This inadequacy is now sometimes recognized within the sciences themselves. 
Thus we find physicist Richard Feynman referring, in 1985, to ‘Physicists’ history of 
physics,’ which is never correct.” This history is a “sort of conventionalized myth-story 
that the physicists tell to their students, and those students tell to their students, and is 
not necessarily related to the actual historical development’’ (Feynman 1985, p. 6). 

49. While SSR, pp. 2-3, lists only troubles internal to the historiography of science, 
1968a, pp. 107-110, treats the broader complex of factors involved in a more balanced 
manner. See also 1971c, ET pp. 148-150. 

50. SSR, pp. 2, 7, chap. 6; 1962d. 

51. See § 7.2. 

52. SSR, p. 2. 
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this perspective, neither his observational and reflective acuity in so 
many other fields, nor the emergence of so long a tradition from so 
poor a physical theory, is comprehensible. The same holds, mutatis 
mutandis, for Newton, Galileo, and, albeit far less drastically, for 
Planck.* 


2. Another problem with traditional discipline- and subdiscipline- 
oriented historiography arose out of its confrontation with a competing 
historiographic enterprise. This latter enterprise is motivated by the 
demand that the historiography of science should not simply document 
the history of individual disciplines separately but should rather trace 
the development of the totality of scientific knowledge.*° Among the 
various influential consequences of this demand, those which follow 
from one particular insight are especially important. This insight is the 
realization that our current taxonomy of the sciences is, in part, a 
relatively recent product of the history of science itself. At one time, 
the totality of knowledge was divided into scientific and extrascientific 
knowledge, and scientific knowledge in turn was divided into individ- 
ual disciplines in a different manner from that employed today. It ap- 
peared that traditional discipline-oriented historiography of science’s 
criterion of historical relevance allowed the construction of historical 
traditions which had never existed. 


3. Yet another trouble with traditional historiography of science 
emerged with Pierre Duhem’s discovery of a medievat tradition in 
physics.*’ Although this tradition already contained many components 
of Galilean physics, both methodological and substantive, it was clearly 
different nonetheless; it was not yet modern science. Yet one could 
only understand the transition to modern science, the emergence of its 
typical characteristics, after first understanding this medieval tradition 
in its own right. Toward this end the old historiography of science’s 
criterion of historical relevance, interested in the past’s accumulation 
of our present heritage, had to be set aside, thus further eroding the 
criterion’s claims to self-evidence. 


4, The abandonment of this criterion of historical relevance was 
further motivated by influences external to the historical study of sci- 
ence, in particular by the influence of work in the history of philoso- 


53. ET, p. xi; 1981, pp. 8-9. 

54. 1980a, pp. 184-185. 

55. 1984, pp. 233-238. 

56. 1968a, ET p. 109; 1971c, ET pp. 148-149; 1976a, ET pp. 32-33; also 1983d, pp. 
567-568. 

57. 1968a, pp. 108-109. 
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phy, identified by Kuhn as, in all probability, the most important 
factor. In the nineteenth century, the historicist movement brought 
about the transformation of a range of academic fields, subsequently 
called the “historical humanities.”’°? Fields emerging from this transfor- 
mation are characterized by the attempt to avoid examining a given 
cultural domain primarily from the perspective of contemporary cul- 
ture, seeking instead to capture the cultural other precisely through its 
difference from the familiar, in all its own particular uniqueness and 
thus in all its (relative) strangeness. While, in the nineteenth century, 
historicism had already left an emphatic mark on reporting in the his- 
tory of philosophy, its influence was only felt in the historiography of 
science beginning in the 1920s and 1930s, and even then primarily in 
the work of authors springing from the history of philosophy.® From 
their point of view, earlier historiography of science was highly “unhis- 
torical,”’®! history written “backward,” “Whig history,” or ‘“‘ethno- 
centric.”°* The view of science and its development extracted from 
early historiography of science is, so the criticism goes, about as au- 
thentic as a picture of an alien culture formed on the basis of travel 
brochures or language courses. 

The heart of early historiography of science’s contemporary bias 
can be discerned in its criterion of historical relevance, which reflects 
its substantive interest in the current state of science. Only those prod- 
ucts of science deemed permanent, complete by the standard of con- 
temporary science, are factually relevant. This judgment projects 
three components of the present into history. For one, it describes 
past science using contemporary scientific concepts, the possible historic- 
ity of which is thereby forcibly ruled out. Furthermore, it takes the 
questions of contemporary science as constant, thus bracketing the po- 
tential contextual dependence of research agendas. Finally, it denies 
those guiding standards of science which regulate the acceptability of 
answers to scientific questions any possibility of historical change. 


58. SSR, pp. v-vi; 1968a, ET pp. 107-108; 1971c, ET pp. 135, 149-150; ET, pp. 
xiv-xv; 1977b, ET p. 11; 1979a, p. 125. 

59. See, for example, Schulz 1972, part 4: ““Historicization”’ [ Vergeschichtlichung]. 

60. Kuhn cites Koyré as by far the most important, followed by Brunschwicg, Burtt, 
Cassirer, Lovejoy, Anneliese Maier, Emile Meyerson, and Héléne Metzger. 

61. SSR, pp. 1, 137, 138; 1971c, ET p. 154. 

62. SSR, p. 138. 

63. 1971c, ET pp. 135, 154; 1983b, p. 712; 1983d, p. 568; 1984, p. 246. See Butterfield 
1931; on the more recent debate, see Mayr 1990 and his references. 

64. 1983d, p. 568; 1984, p. 246. 

65. SSR, p. 1—See Conant 1947, p. 41. 

66. SSR, pp. 1, 136, 137. 

67. SSR, chap. 11, especially pp. 137-138; 1989b, p. 50. 


The Topic of Kuhn’s Philosophy of Science / 19 


5. In conclusion, the impact of developments in other fields out- 
side the historiography of science, especially the influence of an emerg- 
ing general science of history, of Marxist historiography, and of Ger- 
man sociology, should be noted. Such influences gave rise to a growing 
appreciation of nonintellectual factors in scientific development and, 
in particular, of institutional and socioeconomic factors.®® While the 
substantive content of mature sciences is largely insulated from the 
influence of external factors, it is not so unaffected as the almost exclu- 
sively internalist orientation entailed by earlier historiography’s criterion of 
historical relevance would suggest. But since the systematic integration 
of internal and external factors remains more an ideal than the standard 
practice even in recent historiography of science, this point of criti- 
cism against the earlier historiographic tradition may be disregarded 
here.” 


c. The New Internal Historiography of Science 


A new historiographic tradition arose in response to the aforemen- 
tioned difficulties and influences confronting the earlier tradition. From 
roughly 1955 to 1970, this new tradition rapidly gained momentum, 
especially in North America, becoming increasingly institutionalized 
and professionalized.’! This tradition, too, may be characterized by a 
statement of its criterion of historical relevance, which in turn becomes 
plausible in light of the new tradition’s overarching goal. This goal 
consists in achieving for the historiography of science what historicism 
did for other fields of cultural scholarship as early as the nineteenth 
century: a departure from the contemporary perspective in favor of 
historicity. Such a departure requires that more recent scientific knowl- 


edge be disregarded as far as possible,” for only in this manner can we 


“display the historical integrity of [past] science in its own time’’” or 


68. 1968a, ET, pp. 109-110; 1971c; ET pp. 148-149, 159-160; 1986, p. 32. 

69. 1968a, ET pp. 110, 120; 1979a, p. 123; 1983c, p. 29. 

70. It should be noted that Kuhn’s theory can play a potentially important role in 
the integration of internal and external factors within historiography. For Kuhn’s theory 
identifies a central point of contact between science and society: scientific values (sce 
§ 4.3.c). It is at this point of contact that the mutual influence of factors external to 
science and scientific development, frequently postulated but seldom given any detailed 
functional analysis, becomes more concretely tangible; see 1968a, ET pp. 118-120; ET 
p. xv; 1983c. 

71. 1968a, ET pp. 110-112; 1979a, pp. 121-122; 1986. —In the discussion that fol- 
lows I once again limit myself to Kuhn’s work. My reason, as before, is that Kuhn’s 
own view of recent historiography remains of primary importance to an understanding 
of the dependence of Kuhnian theory on this historiography. —See e.g. Cohen 1974; 
Kragh 1987, especially chap. 9; Lindholm 1981; Shapere 1977, pp. 198-199, and Thackray 
1970 for other pronouncements on the new historiography. 

72. 1968a, ET p. 110; 1980a, p. 183; 1984, p. 244. 

73. SSR, p. 3; similarly 1970e, p. 68, and 1977b, ET p. 11. 
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“analyze an older science in its own terms.”’* Toward this end the 
historian’s task is 


to climb inside the heads of the members of the group which 
practices some particular scientific specialty during some particu- 
lar period; to make sense of the way those people practiced their 
discipline.” 

It follows that this historiography’s legitimate objects of study are 
scientific fields in the same disciplinary and epistemic extensions in 
which they were explored by actual scientific communities. An element 
of not entirely unproblematic arbitrariness is manifest along the tempo- 
ral axis; unless the historian begins with the earliest phase of a science’s 
development, he or she must choose some starting point congenial to 
the narration of his or her targeted interval of scientific development. 
Usually the narration’s conclusion will correspond with some factual 
endpoint, that is, with some sort of culmination in the appropriate line 
of scientific development.” 

Narrative and factual relevance”’ are thus to be ascribed, first of all, 
to problems explored by the historical science under study, precisely 
as they were actually formulated by the relevant community, and to 
the context in which such problems took on their problematic character 
in the first place. The next narrative task is to reconstruct the commu- 
nity’s behavior around such problems, along with the particular nor- 
mative standards that regulated this behavior and that can thus serve 
in retrospect to make it intelligible. In particular, innovations of all 
kinds must be interrogated with a view toward determining how they 
were received in their own time, for here the risk of presentistic” 
distortion is especially great. The historically accurate reconstruction 
of a set of problems and its management by a community further 
requires an exact reconstruction of the period’s conceptual system. 
Here the historian must contend with issues of pragmatic relevance, 
which govern the degree of detail called for in presenting a historical 
conceptual system to a chosen audience.” 


74. SSR, p. 167 n. 3; similarly 1984, p. 250; 1989a, pp. 9, 24, 31-32; 1990, pp. 298, 
315. 

75. 1979a, p. 122; similarly SSR, p. vi; 1983c, p. 27. —In virtue of their metaphorical 
character, these formulations merit further explication; I will return to them later (see 
n. 84). 

76. 1969b, pp. 972-973. 

77. Regarding the following discussion, see 1955a, p. 95; SSR, pp. 2-3; 1968a, ET 
p. 110; 1969b, p. 969; 1970e, pp. 67-68; 1971a, pp. 138-143; 1971b, ET p. 29; ET, pp. 
xi-xiv; 1977b; 1978, p. viii; 1979a, pp. 122, 126-127; 1980a, pp. 182~185; 1983a, pp. 
676-678; 1984, pp. 233, 236, 243-252; 1989b, p. 50. 

78. This is a common term among historians; see e.g. Groh and Wirtz 1983, p. 192, 
or Rudwick 1985, p. 12. 

79. 1983a, pp. 677-678. 
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This last task, the historically accurate reconstruction of an old 
conceptual system, demands special effort on the part of the historian, 
To begin with, the list of permissible sources must be confined to texts 
dating from, or antedating, the period itself, where published sources 
such as period textbooks and journals must, in general, be supple- 
mented by unpublished sources, stich as scientific correspondence and 
diaries. These texts must be read in a hermeneutic manner, which for 
Kuhn means the following:® 


1. It must be assumed that a given text can be interpreted in several 
ways. 

2. Differing interpretations of a given text are not all of equal value. 

3. The evaluation of alternative interpretations of given texts consists, 
at least for important texts,*! in assigning a preference to the inter- 
pretation with greatest plausibility and coherence.®? 

4. The older a text is, the more improbable it is, in general, that the 
best interpretation is the one closest at hand for the modern reader. 

5. One maxim for the improvement of interpretations consists in the 
injunction to seek out passages of the text which appear obviously 
erroneous, implausible, or even absurd. Such passages should be 
viewed primarily as indicators of the need for improved interpreta- 
tion, not as signs of the author’s confusion.®? If interpretations of 
such passages can be found which eliminate their earlier implausibil- 
ity, the meaning of portions of the text previously thought to be 


80. In several autobiographic passages, Kuhn notes that his own (re)discovery of 
hermeneutics for the history of science began in 1947, with his studies of Aristotle’s 
Physics (see ET, pp. xi-xiii; 1981, pp. 8-12). As a tradition emanating from philosophy, 
with fruitful applications in the history of science, Kuhn first encountered hermeneutics 
primarily in the work of Alexandre Koyré (see especially 1970e; also SSR, pp. v—vi; 
1971b, ET p. 21; 1971c, ET p. 150; ET p. xiii n. 3; 1977b, ET p. 11; 1983c, pp. 27, 29; 
1984, p. 243). However, he only encountered the term “hermencutics,” along with the 
European Continental philosophical tradition associated with it, in the early 1970s, and 
even then this tradition remained fairly opaque to him and his (primarily Anglo-Saxon) 
colleagues (see ET, p. xv). For hints regarding Kuhn’s further reception of the hermeneu- 
tic tradition, see 1983a, p. 677 and p. 685 n. 11; 1983b, pp. 715-716. —q.v. 1989, pp. 
9-10, 24; 1989b, p. 49; 1990, pp. 298-299, 

81. Kuhn never explicitly addresses what makes a given text “important.” However, 
if we read his report of his encounter with Aristotle’s Physics (ET, p. xi; 1981, pp. 8-9) 
with this issue in mind, it seems that the following measure of a text’s importance can 
be ascribed to Kuhn: A text is important if it has an influential history, or if other texts 
by the same author have influential histories. These features of a given text allow us to 
infer its high quality (see also 1964, ET p. 253). 

82. In the hermeneutic tradition, this stipulation corresponds with what Gadamer 
calls the “Vorgriff der Vollkommenheit”, Gadamer 1960, pp. 277ff. (“prejudice toward 
authority,” English edition p. 269ff.). 

83. The appropriateness of this maxim follows from the (at least provisionally) as- 
sumed high quality of the text, in virtue of which it was deemed important. 
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understood may change, for those conceptual changes whose initial, 
local effect was to make implausible loci plausible propagate 
throughout the text.** 


If sources relevant to the history of science are read in this manner, 
an account of the development of a given field markedly different from 
a product of the older historiography may result. A comparison of the 
new account with the old typically yields the following differences.*® 
The field’s development exhibits fewer chasms bridged by geniuses 
possessing either the confidence of sleepwalkers, some prophetic intu- 
ition, or a seeming ignorance of what they were doing. Instead we find 
a greater number of transitional steps; the distance from one to the next 
is accordingly smaller, and the way better prepared and thereby more 
plausibly negotiable by some sufficiently well endowed person. Partici- 
pating individuals thus appear in many respects to be “better” scien- 
tists; their efforts are more elegant and more readily reproducible. With 
regard to available source material, we find that it exhibits fewer anom- 
alies, fewer passages which must be “explained away” by recourse to 
more or less unsatisfying psychologizing hypotheses.® In particular, 
explanatory recourse to the “‘confusion”’ of participating scientists can 
frequently be avoided, because many passages which might have been 
taken as evidence of confusion are instead taken, under alternative inter- 
pretations, as evidence of a more alien past. 

This form of historiography evidently leads us to postulate a more 


84. Having thus explicated the historian’s hermeneutic task, some of those metaphors 
which Kuhn (and others) commonly apply in this context can be unpacked. Consider 
claims that the historian must “climb inside the heads of members [of a given scientific 
community]” (1979a, p. 122; similarly 1983c, p. 27) or “try to think as they did’’ (1968a, 
ET p. 110; similarly 1977b, ET p. 8). These enjoin the historian, first, to identify and 
master a scientific (and perhaps, to a certain extent, an extrascientific) conceptual system. 
Successful accomplishment of this task is a necessary precondition for the historically 
adequate articulation of earlier scientific assertions. In addition, they prescribe the appro- 
priation of the scientific values and norms of the period under study (in part implicitly 
contained in the scientific assertions of that time), in light of which scientists’ decisions 
become intelligible. 

85. I base this account on Kuhn’s 1984 reflections on his 1978 historiographic work 
on black body radiation and the introduction of the quantum hypothesis. My reason is 
that Kuhn views this as the most representative and most thoroughly developed illustra- 
tion of that conception of the history of science in which both his historiographic and 
philosophical efforts are grounded (1984, p. 231). 

86. At the same time, however, a great temptation toward psychologizing or socio- 
logizing reasoning arises when we consider the question, how is it that the past of a 
given field is so often remembered or represented in a distorted manner, not only by 
participating scientists, but by later scientists, and historians of science as well? This 
distortion consists in the historically impermissible assimilation of the past to the present. 
Kuhn dedicates all of chap. 11 of SSR, and almost a third of 1984, to this issue (pp. 
246-252). 
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alien, yet at the same time more reasonably alien, scientific past than 
the old historiography. At first blush, there seems to be no limit to the 
potential strangeness. Nonetheless, science, for Kuhn, is not without 
timeless attributes; past science and contemporary science are connected 
by more than a chain of intransitive similarities. Indeed, the following 
may be said about all science, whenever conducted:®” 


—Science studies nature, or the world. 

—Science aims at an understanding of nature or the world which 
captures its order with maximal precision and universality. 
—Science’s orientation toward this goal demands that it search 
for a set of propositions exhibiting maximal internal coherence 

and maximal correspondence with nature or the world.® 

—Science is mostly detail work; it strives toward its understand- 
ing of nature or the world by way of a precise understanding 
of the individual aspects of nature or the world. 

—Science proceeds empirically; in other words, the acceptability 
of propositions is strongly regulated by observation and expe- 
rience. 

—Therefore, there exists a universal characterization both of the 
production methods of scientific knowledge and of the type of 
arguments that may be used in support of claims to such episte- 
mic status. % 


Still, this timeless, universal characterization of scienc¢ isn’t terribly 
far-reaching; in particular, it in no way determines actual scientific 
practice in any given historical situation.” A range of historically more 
or less variable factors plays a role in this practice. This role is permissi- 
ble notwithstanding the above timeless attributes of science, for the 
latter are abstract-universal,* and may thus be instantiated in various 
ways in different historical situations.”' Thus universality, precision, cor- 
respondence with nature, and other key concepts which figure in the 
timeless characteristics of science may, at different times, be fleshed 


* Translator’s note: “abstract-universal” is the usual English translation for Hegel’s 
term, “‘abstrakt-allgemein.” See e.g. Hegel, Wissenschaft der Logik (Hegel’s Science of Logic, 
trans. A.V. Miller, London: Allen and Unwin, 1969), introduction. 

87. SSR, pp. 4, 42; 1970b, p. 245. See chap. 2, especially § 2.1.a., on Kuhn’s concepts 
of nature and world. 

88. This is an indirect consequence of the constraint placed on historically accurate 
reconstructions of past science in SSR, p. 3, according to which the views of the group 
under study must be accorded “the maximum internal coherence and the closest possible 
fit to nature.” 

89. This is an indirect consequence of the assertion in SSR, p. 2, that earlier science 
was “‘produced by the same sorts of methods and held for the same sorts of reasons that 
now lead to scientific knowledge.” 

90. SSR, pp. 3-5, 40-42. 
91. See Feyerabend 1981b, pp. 62-63. 
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out with very different meanings. The new internal historiography of 
science is of interest to the philosophy of science not on account of any 
timeless moments of science it may discover (or presuppose) but rather 
for its ability to uncover, through hermeneutic efforts, the strangeness 
of science past.” 


1.3 The Focus: Structure 


Any progress we have made so far toward defining the central issue of 
Kuhn’s theory doesn’t go so far as to fix sufficiently the topic of this 
theory. For though we have discussed the manner in which this central 
issue, called ‘‘scientific development,’”’ becomes accessible to Kuhn’s 
theory, we haven’t considered the theoretical perspective, the particular 
focus, in which this issue becomes its topic. The word “structure,” 
which appears in the title of SSR, serves as an indicator for the focus 
guiding Kuhn’s theoretical exploration of scientific development. Still, 
on account of its vagueness, this term merely hints at a definite focus 
of study rather than actually stating it. Furthermore, Kuhn nowhere 
explicitly addresses the term’s meaning. And so the task of clarifying 
what Kuhn means by the “‘structure of scientific development” in gen- 
eral, and by the “‘structure of scientific revolutions” in particular, pre- 
sents itself. 

Before I begin to clarify the specific sense of “‘structure” at work 
in Kuhn’s philosophy of science, we should bring ourselves up to date 
on the word’s broader meaning. This exercise seems all the more indis- 
pensable given the extent to which our cognizance of this notion’s 
proper application yields to its immense popularity.” 

The most general current meaning of “‘structure”’ derives by ab- 
straction from the original meaning of the Latin “‘structura,” “building,” 
or ‘‘facade,”’ still alive in contemporary English. When, today, we 
discuss something’s structure, we address three of its features (parallels 
to the meaning of the Latin word should be obvious): 


1. The thing isn’t entirely homogeneous or undifferentiated but rather 
has “‘parts,”’ ‘‘elements,’’ ““components,”’ or “moments.” 

2. The thing’s parts don’t stand in arbitrary, random, or chaotically 
changing relations to one another. The relations of the parts are 
rather more or less determinate, constant, and constitutive of the 
thing; we thus may speak of an “ordering” of the parts, elements, 
and so forth. 


92. SSR, pp. 3-4, chap. 12; 1968a, ET p. 121; ET, p. xiv; 1984, p. 244. 
93. Regarding this discussion and that which follows, see Bastide 1962, Einem 1973, 
Kambartel 1973, Naumann 1973, and Schliichter 1974. 
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3. Because of this ordering, the thing somehow remains a “whole,” 
despite its internal multiplicity. 


This general concept of structure is, in the various sciences, differ- 
entiated into disparate special concepts of structure by their diverse 
specifications and emphases. Since to my knowledge, however, such 
differentiations, even as they occur within historical scholarship, never 
lead to a notion of structure congruent with Kuhn’s, I will not pursue 
them here.” 

“Structure” doesn’t occur especially often in SSR, despite the 
book’s title, and where it does, it’s usually not in contexts relevant to 
the present discussion.” In SSR, Kuhn uses the term “‘structure” in a 
manner potentially revealing of the focus he means it to lend his project 
only three times.” 

In two of these instances, Kuhn speaks of the structure of (revolu- 
tionary) scientific discoveries: 


Examining selected discoveries . . . , we shall quickly find that 
they are not isolated events but extended episodes with a regularly 
recurrent structure.”’ 


Immediately following this sentence, Kuhn lists three temporally and 
substantively distinct phases of such processes of discovery, the nature 
of which need not concern us here.” This progression of phases, which 


94. In historical scholarship, especially studies in social history, the concept structure 
has become the conventional complement of event, especially as it figures in the concept 
(or expression) structural history (compare Kosellek 1973, p. 561ff). These “structures” 
are historical realities which change only slowly (if not necessarily continuously) as 
compared with events. Such structures delineate the possibility space of historical events 
without determining the events themselves; in this sense, they are conditions of and 
factors in events. This notion of structure has only the ground level meaning of “‘struc- 
ture’ in common with Kuhn’s. —For further discussion of this kind of structure, see 
e.g. Groh 1971 and Ltibbe 1977, p. 69 n. 3. 

95. In SSR we find talk of a “problem-structure”’ (pp. vii, 137, 144), of “the structure 
of postrevolutionary textbooks and research publications” (p. ix), of “the structure of 
the group that practices the field” (p. 18), of “a rather ramshackle structure with little 
coherence among its various parts” (p. 49), of attempts to give “‘structure”’ to “‘an admit- 
tedly fundamental anomaly in theory” (p. 86, similarly p. 56, twice on p. 89), of “‘the 
logical structure of scientific knowledge” (p. 95, similarly p. 137), of “‘the fundamental 
structural elements of which the universe . . . is composed”’ (p. 102), and, finally, of ‘“‘a 
relatively sudden and unstructured event” (p. 122). 

96. We also find this word used in the targeted sense at 1970b, p. 243 (‘‘structure of 
scientific development’), and in the subtitle of the German edition (though not of the 
later English edition) of ET (‘‘studies in the structure of the history of science” [Studien 
zur Struktuy der Wissenschaftsqeschichte’’]). 

97. SSR, p. 52, emphasis mine; also on p. 8. 

98. The title of 1962d, passages of which parallel our present discussion, is ‘““The 
Historical Structure of Scientific Discovery,” which presupposes that such discoveries 
are temporally extended (ET p. 177). Here, too, we find a discussion of the three phases 
in a process of discovery. 
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Kuhn sees as constant over all revolutionary discoveries, is later taken 
up as a (historical) “pattern” or “historical schema.”!° With regard 
to their structure, such revolutionary processes of discovery may be 
likened to those great events commonly termed “scientific revolu- 
tions,”’'*! suggesting that the latter also follow a definite pattern. 

The third instance relevant for our purposes occurs in the last chap- 
ter of SSR. Here Kuhn describes the preceding contents of his book as 
a ‘schematic description of scientific development” whose job was to 
catch “the essential structure of a science’s continuing evolution.’ 

What, then, does he mean by “‘structure’’? Kuhn’s claims suggest 
the following: 


1. Structure is a feature only of temporally extended processes; point 
events are, in this sense, fundamentally structureless. 

2. A process has structure (or “is structured”) if it is organized in 
temporally and substantively distinguishable phases. 

3. The order of these phases isn’t arbitrary but is rather itself a compo- 
nent of the structure of the process. 

4. The structure of a given process is a universal feature of that process; 
that is, every element of a given class of processes has one and the 
same structure. 


Obviously, this notion of structure constitutes a concrete version 
of that most general meaning for “‘structure” given above. When Kuhn 
speaks of the structure of scientific development, he is thus concerned 
with a universal phase model of scientific development. Having introduced 
the phase model, Kuhn immediately qualifies its claims to universality: 


If the historian traces the scientific knowledge of any selected 
group of related phenomena backward in time, he is likely to 
encounter some minor variant of a pattern here illustrated’ 


99. Pp. 53, 54. 

100. P. 64. 

101. SSR, pp. 7-8; similarly 1963b, p. 388. —See § 6.1. for a discussion of this 
parallel. 

102. SSR, p. 160. In other passages, and in other works, Kuhn talks in similar terms 
of a “developmental pattern” (SSR, pp. 12, 137; 1970b, pp. 243 [here an explicit syn- 
onym for the ‘‘structure of scientific development”’], 244; ET, p. xxi), and ofa “develop- 
mental schema” (1984, p. 245). 

103. Other terms familiar from treatments of science in German historical scholarship 
include “‘models of historical progression” (Schlobach 1978, p. 127 [“‘Verlaufsmodelle der 
Geschichte’’]), ‘“process-model” {“Ablaufsmodell”’|, “‘phase-model” (Berding 1978, p. 272 
[‘‘Phasenmodell’”’], “structure-model” (Polikarov 1981 [‘‘Strukturmodell’’]), and “‘process- 
contour” (Marquard 1978, p. 330 [“Verlaufsfigur’’}). 

104. SSR, p. 11, emphasis added. Similarly, p. 12. 
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I will briefly sketch Kuhn’s universal phase model here, for reasons 
which will soon become apparent. As the key concepts of this model 
have yet to be introduced, my sketch may not be completely intelli- 
gible. !°° 

In the development of the ‘“‘mature”’ sciences of today we can gen- 
erally find an initial phase, which I will call ‘“‘prenormal science.”! 
There follows the transition to maturity, one phase of which is referred 
to as “normal science.’’ After a “‘scientific revolution” of variable 
length, there follows another phase of normal science, and so on. Be- 
tween two periods of normal science the phase called “extraordinary 
science” may occur. 

But the claim that Kuhn’s philosophy of science aims at a universal 
phase model of scientific development is misleading, insofar as this 
model fails to reflect Kuhn’s weighting of its individual elements. 
Kuhn’s primary interest is in “the importance to scientific development 
of ‘revolutions.’ ””!*” Since scientific revolutions are characterized by the 
special relationship between two consecutive phases of normal science, 
an understanding of them must be grounded in an understanding of 
normal science. By comparison, prenormal and extraordinary science, 
along with other transitions between the various phases, are of lesser 
importance to Kuhn’s theory. 

The title of Kuhn’s major work, “The Structure of Scientific Revo- 
lutions,” thus refers not only to the universal phase model of scientific 
revolutions. For if we take him at his word, this book deals with a 
particular ‘‘conception of the nature of scientific revolutions.’ The 
“structure of scientific revolutions” not only is an ordering of tempo- 
rally distinguishable phases; it also picks out the ‘‘essential elements”’ 
of revolutions: those elements of a scientific revolution which make it 
what it is. 


105. These concepts are properly introduced in Part III. 

106. Kuhn himself calls it “‘preparadigm science’’; in § 5.5.b., I will give my reasons 
for this suggested change in terminology. 

107. 1959a, ET p. 226. 

108. SSR, p. 7, emphasis added; see also the title of chap. 9 of SSR, “‘The Nature 
and Necessity of Scientific Revolutions,” and p. 136. 
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WE ARE NOW IN A POSITION to delineate, in conclusion, the topic of 
Kuhn’s philosophy of science. The object domain of Kuhn’s philoso- 
phy of science is composed of the total domain of the basic sciences, 
taken in its epistemic aspect. Only those elements of the total domain 
that were explored in given temporal and disciplinary extensions by 
identifiable communities of scientists will be considered. The develop- 
ment of such disciplinary fields will be reconstructed according to the 
principles of the new internal historiography of science. These fields, 
taken as the particulars of Kuhn’s theory, then provide the basis for a 
generalized exploration of scientific development. The Kuhnian per- 
spective then sets the stage for later discussion with a universal phase 
model of scientific development. This phase model includes, for the 
mature sciences, consecutive phases of normal science separated by 
scientific revolutions. These scientific revolutions, together with the 
normal science which makes them possible, then become the primary 
issue of Kuhn’s theory. They will be examined with a view toward 
the phases in their execution, their defining components, and their 
consequences. 

However, before I can address myself to these themes from the 
philosophy of science as it is narrowly conceived (part 3), another 
exploration is called for. For I must first explain what characterizes 
scientific knowledge and its object, according to Kuhn (part 2). Only 
after Kuhn’s epistemological position or, on the other side of the same 
coin, his ontological position on this issue has been reconstructed can 
his conception of normal science and of scientific revolutions be under- 
stood. 


An 


PART TW O 


Scientific Knowledge 
and Its Object 


THE OBJECT OF SCIENTIFIC KNOWLEDGE is nature, or the world. 
Though this assertion seems both meaningful and reasonable, it is 
nonetheless problematic, for the meanings of ‘“‘nature,” “world,” and 
of “being an object” are in urgent need of clarification. Chapter 2 will 
elucidate the meanings of these expressions as they occur in Kuhn’s 
theory. The epistemically operant world concept in Kuhn’s work is the 
notion of a “phenomenal world,” of a world constituted by the activi- 
ties of knowing subjects. Kuhn’s view of this process of constitution 
will be reconstructed in chapter 3. This chapter will survey the nature 
of scientific knowledge, in the process laying the foundations for an 
examination of the ways in which such knowledge may develop. Fi- 
nally, the notion of a paradigm, and the central role it plays in Kuhn’s 
theory of scientific knowledge, will be analyzed in chapter 4. 


An 


C HAPTER T W O 


The World Concept 


RECONSTRUCTING KUHN’S THEORY requires that we distinguish 
between two concepts of the world, or nature. § 2.1 will consider how 
SSR gives rise to this necessity. Kuhn himself first explicitly makes the 
distinction in works composed in 1969 (§ 2.2). Eventually, he returns 
to this topic, with somewhat different emphases, in 1979 (§ 2.3). 


2.1 The Double Meaning of “World” and “Nature” in SSR and 
the’ Plurality-of-Phenomenal-Worlds Thesis 


a. World-in-Itself and Phenomenal World in SSR 


According to Kuhn, science of all ages takes, as we have noted,? nature 
or the world as its object. Kuhn usually uses ‘‘nature’” and ‘“‘world”’ 
synonymously.* Such conventional reference to nature or the world as 
the object of science, as the independent counterpart of the scientist, 
suggests considerable tension with Kuhn’s claim that 


though the world does not change with a change of paradigm, 
the scientist afterward works in a different world.° 


1. See § 1.2.c. 

2. The synonymity of “world” and “nature” may be inferred from SSR, p. 77, where 
the ‘‘“comparison of that theory with the world” is paraphrased, in the next sentence, by 
the ‘‘comparison of both paradigms with nature.”” Kuhn’s use of these terms in SSR is 
not, however, entirely uniform. While, in the above passage among others (e.g. p. 42), 
the two words are used synonymously, Kuhn sometimes uses “nature”? and “world” 
differently in order to draw the distinction between the two notions to be discussed in 
this section. See, for example, p. 125, where he speaks of “the world determined jointly 
by nature and by the paradigms.”” Synonymous use, however, predominates, and is 
preserved in later work, e.g. 1979b, p. 414; 1981, pp. 19-20; 1983a, pp. 680-681. 

3. SSR, p. 121, emphasis mine; similarly pp. 6, 61, 106, 111, 117, 118, 120, 121, 
122, 134, 135, 141, 147-148, 150. 
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Kuhn is conscious of this tension, for in the following sentence he 
informs the reader of his conviction “that we must learn to make sense 
of statements that at least resemble these.”’ 

So let us try to make sense of this statement. The key to accom- 
plishing this task is only implicitly contained in SSR. It involves distin- 
guishing two meanings of “world” and “nature,” and is suggested 
by Kuhn’s awareness that the problem hes somewhere in his world 
concept: 


In a sense that I am unable to explicate further, the proponents 
of competing paradigms practice their trades in different worlds.* 


In several of the papers composed in 1969, Kuhn explicitly admits that 
his “constant recourse in [his] original text to phrases like ‘the world 
changes’’”’> is evidence of vagueness, which he attempts to remove by 
means of new terminology. Yet even in SSR, it’s possible to distin- 
guish the two meanings of “world” and “nature.” 

In its first meaning, “nature” or ‘‘world” refers to something 
which changes over the course of a revolutionary transformation in 
science, so that we might say that a given such episode had “‘qualita- 
tively transformed as well as quantitatively enriched’’® the world. This 
world is “‘the scientist’s world,’’” the world in which scientists “dive,”8 
“the world within which scientific work was done.”” It is a “perceived 
world,’”"° “a world already perceptually and conceptually subdivided 
in a certain way.”?!! Paradigms “are constitutive’’!* of this world or 
nature, or more precisely, the world is “‘determined jointly by nature 
and the paradigms,’’'? where “nature” should be read in its second 
sense, to be discussed shortly. Whatever these paradigms are,'* since 
they are tools “through which to view nature,” they must have some 
world-constitutive function. 

When these passages are taken together, it appears that “world” 


4. SSR, p. 150. The important first part of this passage has been practically ignored 
in Kuhn scholarship, with the exception of Grandy 1983, p. 23. 

5. 1970c, SSR p. 192; similarly 1974a, ET p. 309 n. 18. 

6. SSR, p. 7, similarly p. 106. 

7. SSR, pp. 7, 111, and elsewhere. 

8. SSR, p. 134; similarly p. 117. 

9. SSR, pp. 6, 121, 147, 150. 

10. SSR, p. 128. 

11. SSR, p. 129. 

12. SSR, p. 110; indirectly p. 106. 

13. SSR, p. 125; similarly pp. 112 (on this passage, see Brown 1983a, p. 97), 123. 

14. See Ch. 4. 

15. SSR, p. 79; similarly p. 94. 
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and “‘nature’’ here coincide to some extent with what Kant calls “nature 
in the material sense’”’ (“natura materialiter spectata’’) or even ‘“‘world”’: 
the “aggregate of appearances,’’'® the “object of all possible experi- 
ence,”!” the “‘sum of the objects of experience.”’!® For both Kant and 
Kuhn, epistemic subjects are (albeit in different ways) coconstitutive 
of this world, for which I will henceforth use the term “phenomenal 
world.”!? 

In its other meaning, ‘“‘nature”’ or “world” refers in Kuhn’s work 
to something which itself remains untouched and uninfluenced by rev- 
olutionary change in science. After a revolution, it is merely seen “‘in 
a different way,””° covered by a “‘conceptual web” which shifted over 
the course of the revolution.*! It is a “hypothetical fixed nature” to 
which we have no access.” This world or nature may be identified as 
the independent counterpart of the scientist, toward which the scien- 
tist’s gaze is directed; ““Whatever he may then see, the scientist after a 
revolution is still looking at the same world.””> This nature or world 
is understood to contain no moments originating on the side of the 
epistemic subject; it is that which remains of a phenomenal world when 


16. Critique of Pure Reason, A114, B163, A334/B391, A418/B446 fn, A419/B447, 
A455/B483, A506/B534ff. (English translations of Kant’s terms taken from the Norman 
Kemp Smith translation; see especially p. 140); Prolegomena, § 36. ; 

17. Critique of Pure Reason, A114. 2 

18. Critique of Pure Reason, Bxix; similarly A654/B682; Prolegomena, § 16; Metaphysi- 
cal Foundations of Natural Science, ‘‘Preface.” 

19. Buchdahl, in 1969, already clearly recognized the existence of certain parallels 
between Kuhn and Kant; Buchdahl 1969, p. 511 n. 1; q.v. Lane and Lane 1981, pp. 
52-53, including n. 4. Kuhn addresses these parallels himself in 1979b, pp. 418-419; 
compare § 2.3. —Also see Putnam 1978, p. 138, and Putnam 1981, chap. 3. 

20. SSR, p. 53; similarly p. 118. 

21. SSR, p. 149; similarly p. 141. 

22. SSR, p. 118; similarly pp. 111, 114: “the scientist can have no recourse above or 
beyond what he sees with his eyes and instruments.”’ We may infer from these assertions 
what about the “‘fixed nature”’ is qualified as “hypothetical.’’ Here ‘“‘hypothetical” can 
only mean that the assumption of fixed nature can’t be taken as proven or otherwise 
necessarily applicable; in this context, the opposite of “hypothetical” is “known with 
certainty.” What is emphatically not implied is that the assumption of fixed nature consti- 
tutes a hypothesis that is empirically testable in principle (see von Weizsaicker 1977, 
p. 190ff.). In his 1969 work, Kuhn explicitly treats this hypothetically fixed nature as a 
postulate; see § 2.2.a. 

23. SSR, p. 129; similarly p. 150. Kuhn’s use of “looking at’ and “seeing” is the 
only terminological indicator in SSR that reveals his vague awareness of the distinction 
between the two world-concepts. The important textual occurrences of this indicator 
can be found at pp. 113, 114, 115, 120, 121, 128, 129, 150; see also 1979c, p: ix. Since, 
for Kuhn, a phenomenal world is ‘‘already perceptually and conceptually subdivided in 
a certain way” (SSR, p. 129), ‘‘seeing”’ has both perceptual and conceptual moments. 
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all of its subject-sided moments have been removed.* Kuhn stipulates 
this world to be spatiotemporal, not undifferentiated, and in some sense 
causally efficacious. These stipulations remain highly indirect in SSR 
and will become somewhat more explicit only in later work.“ The 
spatiotemporality of this world or nature may be inferred from Kuhn’s 
treatment of looking at as a relation that is in some sense spatiotempo- 
rally described. The application of sameness and difference to parts of 
this world or nature is implied by suggestions that different people 
“see different things when looking at the same sorts of objects,”*° while 
‘what they look at has not changed.”’”’ The causal efficacy of this world 
or nature consists in its ability to codetermine a given phenomenal 
world.” In accordance with these properties, Kuhn understands the 
status of a given part of this world or nature as the epistemic subject’s 
“counterpart” to be spatiotemporally conditioned; to say that a portion 
of this world is an epistemic subject’s counterpart means, primarily, 
that over a given span of time the epistemic subject stands at a given 
spatial distance from this portion of the world. 

But beyond the claim that it’s in some sense the spatiotemporal 
counterpart of the scientist, nothing may be said about this world or 
nature. For any further assertions would run the risk of being changed 
in the next scientific revolution,” revealing themselves as inapplicable 
to this hypothetical, fixed world or nature. The price for the indepen- 
dence of this world or nature from any sculpting by human conceptions 
is that this world is unknowable, at least by direct channels; only a 
phenomenal world may present itself for empirical access. But Kuhn 
takes even indirect access to the fixed world or nature, whether by 


* Translator’s note: Hoyingen-Huene uses “‘subject-sided”’ [subjektseitig] to avoid the 
unwanted connotations of “‘subjective.”’ A subject-sided moment of a phenomenal world 
is some aspect of the phenomenal world originating within an epistemic subject with 
access to this phenomenal world. It need not at all, for example, be “‘subjective” in the 
sense of “not objective.” 

24. See § 2.2.b. 

25. See references to “looking at” listed in n. 23. 

26. SSR, p. 120; emphasis mine, Kuhn’s emphasis dropped. In § 2.2.d, I will discuss 
the difficulties that arise from applying the relations sameness and difference to parts of a 
world conceived as purely object-sided. 

27. SSR, p. 150. 

28. SSR, pp. 112, 123, 125; also p. 150. 

29. Kuhn’s view that this world or nature may be ascribed no historically invariant 
attributes beyond spatiotemporality is only (relatively) clearly expressed in 1979b, where 
he describes his view as approaching Kant’s, “but . . . with categories of the mind which 
could change with time” (pp. 418-419). What is noteworthy about this passage is Kuhn’s 
silence on the Kantian forms of intuition, space and time, which suggests that Kuhn 
indeed places space and time on the object side. 
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inference from one phenomenal world to the fixed world or nature or 
by inference from a comparison of several phenomenal worlds,” for an 
impossibility. As this is not the place to discuss this latter view in detail, 
let us be content for now with Kuhn’s insistence on the unknowability 
of a fixed, purely object-sided world or nature. 

In accordance with an obvious parallel to the thing-in-itself of 
Kant’s critical philosophy, I will call this world or nature the world-in- 
itself. The most important parallel consists in Kuhn’s and Kant’s insis- 
tence on the pure object-sidedness, hence unknowability, of the world- 
in-itself and thing-in-itself, respectively. Kant’s intended opponent is, 
primarily, rationalist metaphysics. Kuhn, by contrast, is chiefly ward- 
ing off the possibility of empirical access to the world-in-itself, that is, 
the naive realist interpretation of science. But in addition, he wishes to 
reject the more refined realist philosophy of science which sees the 
scientific process as a progressive ‘‘drawing closer to the truth,” or 
“rising degree of verisimilitude.”*! While Kant, in contrast to some 
later self-ordained transcendental philosophers, saw the thing-in-itself 
as indispensable on conceptual grounds,” Kuhn attempts in 1979 to do 
without the world-in-itself; I will return to this effort later.” 

Having thus explicitly distinguished two world concepts, we are 
now in a position to make sense of the sentence cited at the beginning 


30. SSR, pp. 170-173. Here Kuhn rejects the view that science “draws constantly 
nearer” to the truth. The notion of a “‘one full, objective true account of nature” is 
branded not only unnecessary, but an outright hindrance to the explanation of scientific 
development (SSR, p. 171). Later treatments of the same topic may be found at 1970a, 
ET pp. 288-289; 1970b, pp. 264-266; 1970c, SSR pp. 206-207; 1974b, pp. 508-509; 
1979b, pp. 417-418; 1984, p. 244. —I will return to this problem-complex in § 7.6. 

31. See n. 30. The chief target here is Popper’s school. 

32. E.g. Critique of Pure Reason, Bxxviff.: “But our further contention must also be 
duly borne in mind, namely, that though we cannot know these objects as things in 
themselves, we must yet be in position at least to think them as things in themselves; 
otherwise we should be landed in the absurd conclusion that there can be appearance 
without anything that appears” (English edition, N. K. Smith, 1965 p. 27). Similarly, 
see A251ff., B308, and elsewhere; see also Martin 1969, § 29. One might criticize Kant 
for simply endorsing the view, entailed by our conventional use of words, that appear- 
ances must be appearances of something. Cf. Heidegger 1927, § 7.A. 

33. See § 2.3. Kuhn’s vacillation has parallels in the Kantian debate since Jacobi; see 
e.g. Martin 1969, §§ 21ff, or Shaw 1969. Another substantive difference between Kant 
and Kuhn resides in their criteria for identifying the genetically subject-sided moments 
of knowledge. For Kuhn, the criterion consists in the possibility of change in such moments 
of the perceived or the known, or equivalently, in the existence of a learning process for 
such moments (see chap. 3). For Kant, such moments are those which enable the episte- 
mic subject to experience objects, or, what comes to the same thing, to make certain 
synthetic a priori judgments. The most obvious consequence of this difference in criteria 
is seen in the differing roles assigned to space and time by Kant and by Kuhn, respec- 
tively. 
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of this section: “though the world does not change with a change of 
paradigm, the scientist afterward works in a different world.’”** The 
world-in-itself is independent of all subject-sided moments, hence of 
any changes taking place within them. By contrast, a phenomenal 
world is constituted both by the object-sided world-in-itself and by 
subject-sided moments (which, taken together, are sometimes called a 
paradigm”), the (at this point as yet unanalyzed) interaction of which 
gives rise to the perceptual and conceptual differentiation of this phe- 
nomenal world. The way is thus opened for the possibility of a change 
in phenomenal world, despite the constancy of the world-in-itself, such 
change occurs precisely when those world-constitutive moments lo- 
cated in the epistemic subject, together called the paradigm, change— 
not in such a way as to lose their world-constituting function, but 
rather in such a way as to give rise to a different phenomenal world. 


b. The Plurality-of-Phenomenal-Worlds Thesis and Its Justification 


Kant’s distinction between appearance and thing-in-itself was moti- 
vated both by the critical attitude toward traditional metaphysics and 
by epistemological scruples: with the help of this distinction, rationalist 
metaphysics could be rejected, transcendental philosophy grounded, 
and the possibility of the natural science and mathematics (of Kant’s 
time) explained. To accomplish these tasks it was enough to distinguish 
between the thing-in-itself and one world of appearances. Kuhn, how- 
ever, is primarily concerned with the difference between distinct phenome- 
nal worlds, the assumption of which he holds as necessary if we are 
to understand the structure of scientific development in a historically 
adequate way. This fundamental assumption of Kuhn’s theory I will 
call the plurality-of-phenomenal-worlds thesis. In addition to this thesis, 
Kuhn also occasionally speaks of the distinction between phenomenal 
world(s) and world-in-itself; I will consider his reasons in § 2.2. 

The plurality-of-phenomenal-worlds thesis, together with the 
aforementioned claim that the world-in-itself is inaccessible to us, 
forms the basis for two central doctrines of Kuhn’s theory, at which, 
for the time being, we can only gesture. First, Kuhn’s skepticism to- 


34. SSR, p. 121. 

35. See Goodman 1975 and 1984, chap. 2; Putnam 1981, pp. 49, 54, 79, 134-135. 
Historically, this thesis appears to have been first formulated by Cassirer (O. Schwem- 
mer, personal communication; see Goodman 1975 and Stegmiiller 1985, p. 30). The 
plurality-of-phenomenal-worlds thesis at issue here has nothing to do with either the 
“plurality of worlds thesis” with which Lewis articulates his “modal realism” (Lewis 
1986, esp. p. 2), or with the “plurality of worlds” necessary for the existence of intelligent 
extraterrestrial life (Dick 1984 and Crowe 1986). 
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ward attempts to create a “neutral observation language”’ is explained 
by this assumption.” For such a neutral observation language is sup- 
posed to refer to a completely non-theory-laden, immediate given, 
meaning either (on the “naive realist’? interpretation) the world-in- 
itself, or (on the “phenomenological objectivist’’ interpretation) the 
one phenomenal world to which we have access. But neither is the 
world-in-itself accessible, nor is there only one phenomenal world. 
Second, the plurality-of-phenomenal-worlds thesis entails Kuhn’s re- 
jection of any dichotomy between the purely factual and the theoretical, 
or between observational and theoretical concepts, or, relatedly, be- 
tween “invention” and ‘‘discovery.”*’ For again, the purely factual 
could only belong either to a world-in-itself conceived as accessible or 
to a unique phenomenal world. 

Kuhn diagnoses his theory’s plurality-of-phenomenal-worlds the- 
sis (or, alternatively, his views on the nonuniqueness of the relationship 
between the one world-in-itself and the many phenomenal worlds) 
as an essential break with an epistemological tradition going back to 
Descartes and persisting almost without interruption to the present.* 
This tradition is characterized by the assumption that, in a given per- 
ceptual situation, “‘observations . . . themselves are fixed by the nature 
of the environment and of the perceptual apparatus,”*? where the per- 
ceptual “‘apparatus”’ is taken to be uniform over all humans. In conse- 
quence of this assumption, that which, in a particular situation, is given 
to the senses depends on neither individual psychological’nor cultural 
factors, though it may be subject to differing interpretations.*° Ac- 
cording to the tradition, only one phenomenal world corresponds (both 
locally and globally) to the one world-in-itself. For Kuhn, by contrast, 
a plurality of possible phenomenal worlds, whose differences aren’t the 
result of varying interpretations, at least not in any “ordinary sense of 
the term ‘interpretation,’’’*' corresponds to the one world-in-itself. 

This diagnosis of the break with the epistemological tradition raises 
at least four questions. To begin with, one might ask whether Kuhn’s 
identification and characterization of the epistemological tradition is 
true to the history of philosophy. As we are not here interested in 


36. SSR, pp. 126-129, 145-146; 1970a, ET p. 267; 1970b, pp. 234-235, 266; 1970c, 
SSR p. 201; 1974a, ET p. 308. On this issue, see §§ 3.2, along with 3.6.b and 3.6.c. 

37. SSR, pp. 7, 17, 52, 53, 66, 141; 1962d, ET p. 171; 1970a, ET p. 267; 1974a, ET 
pp. 300, 302 n. 11; 1974b, p. 505; 1977c, ET p. 338; 1979b, p. 410. On this issue, see 
§ 3.6.a, point 2. 

38. SSR, pp. 121, 126. Also 1974a, ET p. 308; 1970b, p. 276; 1970c, SSR p. 195. 

39. SSR, p. 120. 

40. SSR, pp. 120-121, 126. 

41. SSR, p. 123; similarly pp. 121-122. 
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Kuhn’s merits as a historian of philosophy, we may safely ignore this 
question. A second question concerns the precise sense in which the 
differences between phenomenal worlds are said not to result from 
interpretation; and what does “‘interpretation”” mean here, anyway? We 
will consider this question in § 3.5. Third, is there any connection 
between this break with epistemological tradition and the break with 
historiographic tradition described in § 1.2? There is, in fact, some 
reciprocity between the two breaks with tradition. On the one hand, 
the hermeneutical approach to the pertinent sources of the history of 
science uncovers past ways of viewing nature in a way that resonates 
with the plurality-of-phenomenal-worlds thesis. Conversely, this the- 
sis motivates the kind of approach to sources that can bring to light 
the alterity of other phenomenal worlds potentially hidden in such 
texts. Finally, and by far most importantly for any systematic recon- 
struction of Kuhn’s theory, it should be asked how Kuhn justifies his 
plurality-of-phenomenal-worlds thesis. We will consider this question 
without further ado. 

In a certain sense, the plurality-of-phenomenal-worlds thesis is 
grounded in the experience of the historian of science, in particular of the 
historian of science who practices his trade according to the principles 
of the ‘‘new internal historiography of science.” For this historian of 
science attempts to reproduce a past scientific community’s way of 
thinking and to present his or her chosen period of scientific history 
from the viewpoint of participating agents. If this attempt is successful, 
it may produce a different phenomenal world—different, that is, by 
comparison with the historian’s own phenomenal world. Furthermore, 
it may turn out that the phenomenal world discovered by the historian 
exhibits change over the course of a particular line of scientific develop- 
ment, as actually happens, according to Kuhn, in those periods of 
scientific development afterwards called “scientific revolutions.” In 
the historian’s retracing of these events, it appears 


as if the professional community had been suddenly transported 


42. Consider the first sentence of the central chapter of SSR, chap. 10, “Revolutions 
as Changes of World View”: “Examining the record of past research from the vantage 
of contemporary historiography, the historian of science may be tempted to exclaim that when 
paradigms change, the world itself changes with them” (SSR, p. 111, emphasis mine; 
similarly p. 117). “Contemporary historiography” refers, of course, to the new internal 
historiography of science; see § 1.2.c. —Kuhn’s reliance on the historian’s experience is 
retained in 1983b, in deliberate consonance with SSR: ‘‘The historian’s discovery of the 
past repeatedly involves the sudden recognition of new patterns or gestalts. It follows 
that the historian, at least, does experience revolutions. Those theses were at the heart 
of my original position, and on them I would still insist” (p. 715). Similarly 1984, pp. 
245-246. 

43. On this issue, see § 6.2. 
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to another planet where familiar objects are seen in a different 
light and are joined by unfamiliar ones as well.“ 


This kind of experience on the part of the historian serves to ground 
the plurality-of-phenomenal-worlds thesis to the extent that it familiar- 
izes us with the phenomena for which this thesis is meant to account. 
Just such an experience proved Kuhn’s own point of departure in devel- 
oping his theory. 

But the claim of any one historian or group of historians“ to such 
an experience carries no special argumentative weight, so long as there 
is reason to believe that experiences of this kind can never be authentic. 
And according to Kuhn, the possible authenticity of such experiences 
is precisely what is denied by the modern epistemological tradition, 
which holds the products of perceptual activity to be fixed perceptions, 
codetermined by environment and perceptual apparatus, subject merely 
to differing interpretations. It follows that (1) the fundamental possi- 
bility of perceptual changes occurring, leading to other phenomenal 
worlds, and (2) their actual occurrence in the history of science must be 
given intersubjectively verifiable demonstration. 

Regarding (1): In SSR, Kuhn argued the plausibility of perceptual 
changes that lead to new phenomenal worlds by reference to the visual 
gestalt shifts explored in perceptual psychology.” Still, the results of 
perceptual psychology can offer no more than plausibility, for, as Kuhn 
is well aware, the parallels between the kind of perceptual, change that 
gives rise to new phenomenal worlds and that studied in gestalt shift 
experiments are limited.** What perceptual psychology can do is draw 
our attention to the following three characteristics of perceptual pro- 
cesses. 

First, the product of an act of perception is not determined solely 


44, SSR, p. 111. 

45. That is, the (reversible) change in his own phenomenal world which occurred 
with his success in working in to Aristotelian dynamics; SSR, p. v; 1970b, pp. 241-242; 
ET, pp. xi~xii; 1979c, pp. vii-viii; 1981, pp. 8-12; see also 1989b, p. 49. 

46. Kuhn is referring to the fact that “Other colleagues have repeatedly noted that 
history of science would make better sense if one could suppose that scientists occasion- 
ally experienced shifts of perception” (SSR, p. 113). He has primarily N. R. Hanson in 
mind. 

47. SSR, pp. 62-64, 85, 111-114, 126-127. 

48. “Either as a metaphor or because it reflects the nature of the mind, that psychological 
experiment provides a wonderfully simple and cogent schema for the process of scientific 
discovery” (SSR, p. 64, emphasis mine); “That parallel [between gestalt shift experi- 
ments and paradigm shift] can be misleading” (SSR, p. 85); “‘though psychological 
experiments are suggestive, they cannot, in the nature of the case, be more than that. 
They do display characteristics of perception that could be central to scientific develop- 
ment, but they do not demonstrate that the careful and controlled observation exercised 
by the research scientist at all partakes of those characteristics” (SSR, p. 113). 
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by the features of the object toward which the perceiving person directs 
his or her attention. This claim is not meant to imply merely that the 
object’s physical distance, the duration of exposure to it, or similar 
considerations play a role in the clarity of object perception. The prod- 
ucts of perceptual acts are rather codetermined by “conceptual catego- 
ries,” “conceptual parameters,”*? or “perceptual categories,’’*! in the 
sense that such parameters determine as what a given object of percep- 
tion will be identified. Perception is thus not a purely passive taking-in; 
its product results, rather, from the cooperation of factors properly 
located both on the object-side and on the subject-side. Second, these 
perceptual categories should not be assumed constant over all humans, 
for they depend to an important degree on the perceiver’s learning 
history; 


What a man sees depends on what he looks at and also upon what 
his previous visual-conceptual experience has taught him to see.” 


Third, these categories, though coconstitutive of perception, can 
nonetheless be changed in certain perceptual situations. Experimen- 
tally, such situations are those in which the perceiving subject becomes 
confused, as a result either of a physical change in his or her perceptual 
organs or of exposure to an object not present in his or her usual 
perceptual world. Only with the passage of time, the needed amount of 
which varying from individual to individual, can perceptual categories 
adapt to a confusing situation in such a way that the confusion vanishes 
and “‘the initially anomalous has become the anticipated.” 

Regarding (2): According to Kuhn, the demonstration of the actual- 
ity of perceptual changes in the history of science now required runs 
into the difficulty that “if perceptual switches accompany paradigm 
changes, we may not expect scientists to attest to these changes di- 
rectly.”>* For in psychological experiments, the experimental subject 
can become aware of subject-sided perceptual switches in two ways. 
First of all, the subject might voluntarily bring about a perceptual 
switch, at the same time recognizing that nothing in the external world 
has changed. Second, the subject, relieved by his or her ability to bring 
about the switch, might also see the drawing itself as permitting differ- 
ent visual gestalts without his or her particular subject-sided perceptual 
molding. Neither of these possible roads to the recognition of subject- 


49. SSR, pp. 63, 64, 123. 

~50. SSR, p. 124. 

51. SSR, p. 116. 

52. SSR, p. 113; similarly p. 63. 
53. SSR, p. 64. 

54. SSR, pp. 114-115. 
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sided moments of perception, familiar from experiments in perceptual 
psychology, has any analogues in those perceptual changes in sci- 
ence—if, indeed, there are such—which give rise to new phenomenal 
worlds. 

For one thing, according to Kuhn, ‘“‘the scientist does not preserve 
the gestalt subject’s freedom to switch back and forth between ways 
of seeing.” This ability is not denied the scientist in principle,** how- 
ever, since the historian of science who diagnoses such perceptual 
changes must also be able to reproduce them. It is rather the scientist’s 
interests which prevent him or her from returning, after a perceptual 
change he or she believes to be advantageous, to the mode of perception 
left behind. If the scientist considers the old mold at all, it is reflectively 
to reject it, not to reproduce it in all its immediacy.*’ Second, there is 
no scientific analogue of the drawings, familiar from gestalt switch 
experiments, which may be seen either as a collection of lines and 
grey-scales, or, alternatively, as different pictures separated by percep- 
tual switches; ‘““The scientist can have no recourse above or beyond 
what he sees with his eyes and instruments.”*® For such “‘recourse” 
could come only from that which remains of a phenomenal world 
when all contributions by the perceiving subject have been subtracted: 
the world-in-itself. 

So if the history of science does contain changes of phenomenal 
world brought about by perceptual switches, we can’t count on finding 
any direct evidence of them. We must thus rely on “‘indireét and behav- 
ioral evidence” in determining whether such changes occur in the his- 
tory of science. And indeed, Kuhn has at his disposal many examples 
from the history of science which might be interpreted as changes in 
perceptual mode. But precisely because they require interpretation 
and offer no direct proof, such examples in fact provide only limited 
argumentative support for the plurality-of-phenomenal-worlds thesis; 
such interpretations will only be accepted by those who deem percep- 
tual switches both possible and to be expected in the history of science. 
Those who lack these convictions will rather seek alternative interpreta- 
tions of the examples proffered.®! And this seems to be the reason why 


55. SSR, p. 85; similarly p. 114. 

56. Although, taken literally, Kuhn’s claims might also be read in this way. 

57. SSR, pp. 114-115, 125. —In 1984, pp. 246-252, Kuhn takes up the issue of 
scientists’ interests in looking back on scientific revolutions with a slightly different 
emphasis. 

58. SSR, p. 114. 

59. SSR, p. 115. 

60. SSR, pp. 115-120, 123-125. 

61. Kuhn shows full awareness of this possibility in SSR. There his epistemological 
reflections are motivated by the existence of an alternative interpretation of his historical 
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Kuhn, in the papers composed in 1969, in which significant portions 
of the theory presented in SSR are reformulated, doesn’t try to expand 
his arsenal of examples of perceptual shifts in the history of science in 
support of the plurality-of-phenomenal-worlds thesis. Instead, this the- 
sis is given a new formulation and further theoretical development. 


2.2 Stimulus and Sensation in the 1969 Papers 


In some of the papers written in 1969, Kuhn undertakes thorough 
reformulations and further explications of the central theses of SSR, 
responding to the most important criticisms.® Whether, in the process, 
he weakens or dilutes his theory, as some critics have suggested,” 
obviously can’t be determined without a detailed comparison of the 
respective versions of the theory’s components. As far as our present 
topic, the distinction between world-in-itself and phenomenal world, 
and the plurality-of-phenomenal-worlds thesis, is concerned, we find 
a reformulation of his position couched in terms used, albeit in passing, 
in almost the same way in SSR (§ 2.2.a). But stimulus, the central 
concept of this new presentation, is not entirely unequivocal (§ 2.2.b). 
Kuhn’s reasons for introducing what we shall call the stimulus ontol- 
ogy are discussed in § 2.2.c. The stimulus ontology turns out to be 
fraught with difficulties so severe (§ 2.2.d) that none of the modifica- 
tions close at hand will restore its consistency with other important 
parts of Kuhn’s theory (§ 2.2.c). 


a. The Transition from SSR 


In the revised presentation of 1969, the concepts stimulus, sensation, 
and data serve to differentiate and clarify the somewhat obscure world 
concept of SSR.“ Instead of saying, as he did in SSR, 


examples: ‘there is obviously another and far more usual way to describe all of the 
historical examples outlined above. Many readers will surely want to say that what 
changes with a paradigm is only the scientist’s interpretations of observations that them- 
selves are fixed once and for all by the nature of the environment and of the perceptual 
apparatus” (SSR, p. 120). See Shapere 1964. 

62. Their order of composition is 1974a, 1970b, 1970c, and 1974b; see 1974b, p. 500 
n. 2 and ET, p. xx n. 8 concerning the order. 

63. E.g. Laitko 1981, p. 185; Laudan 1977, p. 231 n. 1; Newton-Smith 1981, pp. 9, 
103, 113-114; Shapere 1971, pp. 707, 708; Toulmin 1967, p. 471 n. 8; Toulmin 1971, 
p. 60, among others. 

64. 1974a, ET pp. 308-309; 1970b, p. 276; 1970c, SSR pp. 192-193; 1974b, pp. 509, 
511. Kuhn talks of “data” and discusses their fixed nature at several points in SSR (pp. 
121-122, 125-126); this concept clears the way for the introduction of the distinction 
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that members of different scientific communities live in different 
worlds and that scientific revolutions change the world in which 
a scientist works, 


Kuhn now wants 


to say that members of different communities are presented with 
different data by the same stimuli. Notice, however, that that 
change does not make phrases like “‘a different world’’ inappro- 
priate,© 


for the members of different groups “‘do in some sense live in different 
worlds.’’® They do so in the sense that “the given world, whether 
everyday or scientific, is not a world of stimuli,’”’®’ rather, “our world 
is populated in the first instance not by stimuli but by the objects of 
our sensations.’ “Objects of our sensations” are just those objects 
which appear to us through our sensations.© “Object” should here be 
taken as having a very broad meaning, potentially referring both to a 
perceived thing”? as well as, for example, to a perceived color.”! 

By contrast to the objects of sensation, “‘the given in experience, 
stimuli belong to that which is not given: 


972 


We have no recourse to stimuli as given, but are always—by the 
time we can see or talk or do science—already initiated to a data 
world that the community has divided in a certain way.” 


% 


between “‘stimulus” and “sensation” in 1974a, ET p. 308. ‘Retinal imprints” or “‘retinal 
impressions” make their appearance in SSR, pp. 125, 127, 128, and 129. What in 1969 
will be called “‘sensation” appears in SSR primarily as “immediate experience” (pp. 128, 
129). 

65. 1974a, ET p. 309 n. 18. 

66. 1970c, SSR p. 193. 

67. 1974a, ET p. 309 n. 18. 

68. 1970c, SSR p. 193. 

69. This follows indirectly from 1970c, SSR p. 194, where ‘“‘to have a sensation’’ is 
paraphrased by “‘to perceive something.” 

70. This follows from Kuhn’s paraphrasing of ‘“‘their sensations are the same” by 
“they .. . see things . . . in much the same ways” at 1970c, SSR p. 193. 

71. This becomes evident at 1974a, ET p. 308, where Kuhn takes “‘the perception of 
a given color” as an example of sensation, not the perception of a particularly colored 
thing. This broad use of the concept of an object ignores Kant’s problem: how do we 
synthesize objective perception (for Kant, “‘experience’’) of things from the manifold given 
to sensibility? This is also evident from the facility with which Kuhn moves from “‘sensa- 
tions” to “compounds” and “‘elements”’ of sensations: 1974a, ET p. 308. One reason for 
this lacuna is that Kuhn is interested not in the constitution of thinghood per se (see 
Heidegger 1962) but rather in the possible perception of different things given the same 
stimuli. 

72. 1974a, ET p. 308. 

73. 1974b, p. 509. 
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But not only are stimuli not given, there is also ‘‘no way to get outside 
[this data world]—back to stimuli.”’”4 Accordingly, the world of stim- 
uli must be treated as a postulate, assumed out of philosophical motives: 


We posit the existence of stimuli to explain our perceptions of 
the world, and we posit their immutability to avoid both individ- 
ual and social solipsism.” 


The cited passages from Kuhn’s 1969 work give every appearance 
of knitting seamlessly with SSR: SSR’s hypothetical world-in-itself is 
now the posited world of stimuli; SSR’s phenomenal world is now the 
world of objects revealed to sensation. The motive for distinguishing 
between stimuli and sensations is identical with the corresponding mo- 
tive in SSR, the desire to speak of the different worlds of different 
scientific communities despite our conviction that all humans live, in 
a certain sense, in one world. And even the strategy for reconciling two 
apparently irreconcilable doctrines is the same as in SSR; it proceeds 
by distinguishing a purely object-sided realm of stimuli from the world 
constituted by epistemic subjects. This process of constitution produces 
different worlds according to the particulars of its concrete execution. ”° 
SSR’s plurality-of-phenomenal-worlds thesis now becomes the doc- 
trine of the non-uniqueness of the relation between stimulus and sensation: 


very different stimuli can produce the same sensations; . . . the 
same stimulus can produce very different sensations.” 


But the position thus articulated in the 1969 papers raises a series 
of questions and problems which merit discussion. 


b. The Ambiguity of the Stimulus-Concept 


Confronted with the 1969 papers, some of Kuhn’s readers were con- 
fused by his use of “stimuli” in two different meanings, without any 
textual hint on the transition from one to the other.” 


74. Ibid. 

75. 1970c, SSR p. 193. 

76. See chap. 3 for an analysis of the process of constituting a phenomenal world. 

77. 1970c, SSR p. 193; similarly 1974a, ET p. 308; 1970b, p. 276; 1974b, p. 509. 
—The same is said of “retinal impressions” and “‘to see a thing” in SSR; SSR, pp. 
126-127. 

78. The most gripping example of this equivocation may be found in 1970c, SSR 
pp. 192-193; other, less obvious examples are 1974a, ET pp. 308-310, and 1970b, p. 276. 
One critic of the equivocation is Shapere, in his 1971, p. 708. —Compare the problems 
discussed in this and other subsections of 2.2 with the analogous problems found in Kant 
and the Kantian debate; here we find them treated under the heading “transcendent 
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The first meaning of “‘stimuli’” is found, above all, in Kuhn’s re- 
marks on the metaphysical-epistemological problem of solipsism: 


If two people stand at the same place and gaze in the same direc- 
tion, we must, under pain of solipsism, conclude that they receive 
closely similar stimuli. (If both could put their eyes at the same 
place, the stimuli would be identical.). . . 

... We posit the existence of stimuli to explain our percep- 
tions of the world, and we posit their immutability to avoid both 
individual and social solipsism. About neither posit have I the 
slightest reservation.” 


From this passage, we may extract the following features of the first 
meaning of “‘stimuli’’: 


—Reference to stimuli in this sense is allowed by a posit, not by 
any empirically determinable fact. 

—This posit is motivated by its ability to explain our perceptions 
of the world, and to avoid individual and social solipsism.*° 
—Stimuli are granted their own being; that is, their existence is 

independent of their reception or nonreception by epistemic 
subjects. 
—This independent being amounts to spatiotemporal existence. 
—Stimuli are granted their own determinacy; that is, their attri- 
butes are independent of their reception or nonreception, and 
of their particular mode of reception by epistemic subjects." 
—The determinacy of stimuli is causally relevant in perception, 
though it doesn’t fully determine object perception.” 


In this meaning of “stimuli,” stimuli are purely object-sided, and 
have independent spatiotemporal existence and independent, determi- 
nate characteristics. But nothing more can be said about stimuli within 
the compass of Kuhn’s theory, for the theory insists that the purely 
object-sided is inaccessible.* Stimuli are thus determinate but cannot be 


versus empirical affection.” See Vaihinger 1922, vol. 2, p. 35-55, especially p. 52ff., 
along with p. 363ff., p. 366 n., and p. 463. Kuhn finds himself, as we shall see, in an 
“unfortunate position” similar to that which Vaihinger sees Kant as occupying (p. 363). 

79. 1970c, SSR pp. 192-193; similarly 1970b, p. 276. 

80. I will return for a more precise discussion of these motives in § 2.2.c. i 

81. This determinacy is contained within the “immutability” posit; g.v. 1974b, pp. 
508-509. 

82. This last claim follows from the doctrine of the nonuniqueness of the relation 
between stimulus and sensation; see § 2.2.a. 

83. In contrast to naive realism, on which the object-sided is more or less directly 
accessible, and to the somewhat more refined version of realism, on which the subject- 
sided aspects of our knowledge may somehow be subtracted. 
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determined by us.** Stimuli in this sense are neutral with respect to differ- 
ent phenomenal worlds: they are just that which the object-side con- 
tributes to all phenomenal worlds, and thus that which, for Kuhn, can 
explain object perception and ward off solipsism.* 

The second meaning of “‘stimuli” emerges from Kuhn’s opposition 
between stimuli and sensations. While sensations (and their component 
elements) are directly “given’’ us, we know of stimuli in the second 
sense only by way of theoretical constructions: they are that which 
empirical science allows us to identify as causally responsible for our 
sensations, as, for example, sound waves, photons, and the like. In this 
second sense, too, stimuli have spatiotemporal existence and their own 
determinate attributes, but here these attributes are accessible by means 
of scientific theories. Accordingly, these stimuli aren’t purely object- 
sided, for their identification by science has changed historically and 
might change again. And of course stimuli in this sense aren’t neutral 
with respect to different phenomenal worlds; on the contrary, they are 
themselves a construction contingent on a given phenomenal world, 
constituting a kind of theoretical superstructure of this phenomenal 
world.* 

The two meanings of “stimuli” correspond, as Husserl might say, 
to different standpoints.®’ From the natural standpoint, stimuli are unhes- 
itatingly ascribed absolute reality just as they appear to empirical exam- 
ination; they are taken, along with all of their characteristics, as purely 
object-sided. From the particular critical epistemological standpoint char- 
acteristic of Kuhn’s theory, however, the assumption of the pure ob- 
ject-sidedness of such stimuli is no longer tenable. The premise that 
the world I (and other members of my community) take to be real, is, 
in the same way, the real world for all humans, which appeared so 
self-evident from the natural standpoint, is now called into question. 
For the plurality-of-phenomenal-worlds thesis, or the corresponding 
doctrine of the nonuniqueness of the relation between stimulus and 
sensation, prevents us from generalizing the self-evident truths of the 
natural standpoint; it prevents me from viewing the world I take to 
be real as the real world. Consequently, the critical epistemological 
standpoint prevents any attributes ascribed to stimuli from the perspec- 
tive of a given phenomenal world (or in a given phenomenal world) 


84. For similar attempts in the Kantian debate to ascribe certain determinacies to the 
thing-in-itself, see Vaihinger 1922, vol. 2, p. 180-184. 

85. I will treat the alleged contributions of the stimulus ontology in greater detail in 
§ 2.2.c. 

86. As noted by Kuhn himself in SSR, p. 129. 

87. See Husserl 1922, §§ 27ff. [See Gibson’s translation; ‘‘standpoint” is the usual 
rendering of the German “Einstellung.”” —A.T.L.] 
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from being retained as attributes of the purely object-sided. In a certain 
sense, the critical epistemological standpoint makes room for the plu- 
rality-of-phenomenal-worlds thesis in a space that, from the natural 
standpoint, was the exclusive province of a single phenomenal world. 
The critical epistemological standpoint places a demand on philoso- 
phers analogous to the demand on historians of science, that they set 
aside contemporary scientific knowledge of the world so as to leave 
themselves open to the potential alterity of earlier world views.® Any 
substantive assumption about the nature of stimuli constitutes a preju- 
dice in favor of some particular phenomenal world (or some particular 
class of phenomenal worlds) and is thus to all appearances a method- 
ological error. The plurality-of-phenomenal-worlds thesis demands 
that philosophers examining the structure of scientific development 
maintain their neutrality toward the multiplicity of phenomenal 
worlds. 

The radical nature of the critical epistemological standpoint thus 
prohibits us from taking the attributes of purely object-sided stimuli 
as describable, for all descriptions of empirical science run the risk of 
being overturned, for good reasons, in the next scientific revolution, 
thereby revealing themselves never to have been genetically object- 
sided in the first place. Despite the radical character of this critical 
epistemological standpoint, Kuhn insists on ascribing to stimuli inde- 
pendent being and independent attributes. His reason lies in the contri- 
butions credited to the stimulus ontology, the very reason the ontology 
was introduced to begin with. 


c. Contributions Credited to the Stimulus Ontology 


The motives Kuhn cited for positing purely object-sided, spatiotempo- 
ral stimuli with determinate attributes indescribable by us, and with a 
causal impact in perception, involved their (partial) ability to explain 
our perceptions of the world, and to ward off individual and social 
solipsism.*’ Let us examine these motives more closely. 

To begin with, Kuhn wants to explain why communication about 


88. Compare § 1.2.c. 

89. See § 2.2.b. —My reconstruction of Kuhn’s position in this subsection relies on 
a number of (occasionally quite heated) discussions I held with Thomas Kuhn in the 
spring of 1985, and on his written and oral responses to earlier versions of this chapter. 
The need for these unorthodox sources arises from the fact that, while many of the 
relevant passages in Kuhn’s work are cryptically brief, this aspect of Kuhn’s theory 
nonetheless strikes me as too important simply to pass over. The price I must pay for 
this is that the accuracy of this portion of my reconstruction becomes only partially 
verifiable. 
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many objects of a shared external world is largely unproblematic within 
a given social community, for example, within a given scientific com- 
munity, and why many of the members’ nonverbal reactions to this 
external world exhibit such group-specific similarity.*° This behavioral 
similarity is assumed to follow from the fact that all members of a 
given community have the same object perceptions when they look in the 
same direction at the same time from (approximately) the same place. 
Three quite different factors must work together in order to bring 
about this parity of object perceptions: the perceiving subjects must 
have the same perceptually relevant biological equipment, the same per- 
ceptually relevant cultural background,” and finally, the same incident 
object-sided stimuli. Each of these factors is necessary to explain the 
parity of perceptions, but only jointly may they be sufficient. In partic- 
ular, there would be no reason to expect even two biologically and 
culturally identical perceptual subjects to have the same perceptions in 
a given situation unless they also received the same stimuli. But this 
assumes that a given stimulus (or a given set of stimuli) can’t be pro- 
cessed into just any object perception; instead, the stimulus offers a 
certain amount of resistance to being processed into an object percep- 
tion. In other words, the stimulus must possess some proprietary, de- 
terminate feature causally relevant in perception.” 

It is worth insisting that three things do not follow from this de- 
mand for the proprietary determinacy of causally efficacious features 
of stimuli. First, the proprietary determinacy of stimuli does not entail 
that a given stimulus uniquely, exceptionlessly determines the object 
perception of a perceptual subject with a given cultural background. 
This failure of determination is illustrated by the “flip-flopping” of 
pictures used in gestalt shift experiments. Second, this proprietary de- 
terminacy of stimuli surely doesn’t entail that the determinate features 
of a stimulus, working together with the perceptual subject’s biological 
endowment, could completely override the perceptual subject’s cultural 
background. The cultural molding of the perceptual subject by his or 
her respective community is rather a necessary, additional determinant 


90. 1970c, SSR pp. 193-194; similarly 1970b, p. 276. 

91. See § 3.5 for the details of Kuhn’s perceptual theory. 

92. The motive for Kuhn’s position (though not the motive’s consequences) is clearly 
identical with one motive in the Kantian debate, formulated by neo-Kantian Alois Riehl 
as follows: “The notion of an object independent of the perceiving subject, which he 
and all other subjects have in common—for this and nothing else is the concept of a 
“thing-in-itself "—isn’t all that horrifying. . . . indeed it can be justified as a demand of 
the economy of thought, as the simplest hypothesis which explains different subjects’ 
arriving at a unanimous judgement by way of their various perceptions” (Riehl 1925, 
p. 39 [My translation. —A.T.L.]). Also see Schmidt 1985. 
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for the product of a given perceptual act. And third, it doesn’t follow 
that those proprietary features of stimuli in virtue of which they resist 
being processed into just any object perceptions must be knowable by 
us. Stimuli, like other objects in the world, are only accessible to us 
by way of theory, and we appear to have no guarantee for the finality 
of theories. Indeed, we can’t even assume that successive theories’ de- 
terminations of stimuli will ‘draw closer’ to the determinate features 
of the stimuli themselves.” 

So much for our sketch of the role Kuhn intends stimuli with 
determinate yet indescribable features to play within a given social com- 
munity. They are an indispensable component of the explanation of 
the unanimity of object perceptions within the community and thus 
needed for avoiding individual solipsism. But these stimuli are meant 
to play a further role in the avoidance of “‘social solipsism.”” What does 
this further role amount to? 

Social solipsism, for Kuhn, is the doctrine on which a similarity 
of object perceptions, and, accordingly, successful communication 
about the external world, is possible only within a given social commu- 
nity. Furthermore, the members of a given community are denied any 
possibility of learning another community’s way of thinking, speaking, 
or perceiving. The success of ethnologists, historians, linguists, and 
other social scientists speaks against this doctrine. How should the 
possibility of success in such disciplines be explained? The chasm sun- 
dering us from an alien community may be bridged by the’fundamental 
biological similarity of members of other cultures and by the possibility 
of sharing stimulus situations with them. If stimuli offered no resistance 
to the cultural conditioning of perception, members of two different 
communities might, in the same situation (whatever that might mean, 
under our present supposition) and within certain biological limita- 
tions, see arbitrarily many different things when looking in the same 
direction from close to the same place. In particular, what one speaker 
takes to be the same perceptual situation, and applies the same words 
in, another speaker might take to be unpredictably different situations. 
In that case, learning the language of another community would be 
impossible.”* But the fact that alien languages, and consequently the 
cultures in which they are spoken, are not, at least in principle, inacces- 
sible to members of other communities, suggests that the cultural con- 
ditioning of perception is not without limits—limits which can be ex- 


93. See § 7.6.d. 

94. This assumes that learning the language of an alien culture depends fundamentally 
on the successful perceptual identification of the referents of words in the alien language. 
For Kuhn’s views on this issue, see chap. 3, especially § 3.6. 
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plained by the determinate, proprietary features of the stimuli 
themselves. 

Of course, these proprietary features of stimuli provide no guaran- 
tee of access to the culture of a given alien community. All that the 
stimulus ontology allows us to say is this: as far as the stimuli are con- 
cerned, it is not in principle impossible, in the same stimulus situation, to have 
the same perceptions as members of an alien community. This claim does 
nothing to explain the success or failure of any individual effort to 
understand an alien culture; a success only confirms that success was 
possible, and a failure can only be consoled by the recognition that the 
malleability of the stimuli was not to blame. As far as the stimuli 
themselves are concerned, the stimulus ontology’s defense against so- 
cial solipsism only goes so far as to deny the in-principle impossibility 
of breaking out of one’s own culture. But this contribution by the 
stimulus ontology is precisely what Kuhn needs for his theory: the 
ability to ward off the complete relativization of reality to culture, 
without at the same time ethnocentrically or presentistically projecting 
one’s own conception of reality onto alien cultures. The preemption 
of a total relativization of reality to the cultural spectrum resonates 
both with the success of the social sciences and with Kuhn’s insistence 
that science’s passing through revolutions results in progress, not mere 
change.” Furthermore, this caution with regard to the projection of 
one’s own conception of reality onto other cultures resonates with our 
experience with the alterity of past scientific cultures, which subjects 
nearly all elements of contemporary scientific culture to potential his- 
torical change.” 

To summarize: The determinate, proprietary features of stimuli are 
meant to have the function of warding off the complete relativization 
of the concept of reality to individuals or communities, which threatens 
when we adopt the critical epistemological standpoint characteristic of 
Kuhn’s theory. Although we may never determine their features, stim- 
uli do their job of resisting the impending arbitrariness of perception 
and theory formation and thus prevent the onset of thoroughgoing 
relativism, in virtue of their own being and their proprietary deter- 
minacy. 


d. Troubles with the Stimulus Ontology 
The impressive power of the stimulus ontology at first blush turns out, 


on closer examination, to be fraught with fundamental difficulties. Let 


95. See § 7.6. 
96. See § 2.1.b. 
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us consider the doctrine of the nonuniqueness of the relation between 
stimulus and sensation once more: 


very different stimuli can produce the same sensations; . . . the 
same stimulus can produce very different sensations.”’ 


Kuhn makes this statement in connection with his reformulation of the 
plurality-of-phenomenal worlds thesis and his defense against solip- 
sism. It follows that these stimuli should be understood as at least stim- 
uli in the purely object-sided sense: determinate but, for us, indescrib- 
able stimuli. For Kuhn, the central consequence of the cited doctrine 
is 


that two groups, the members of which have systematically dif- 
ferent sensations on receipt of the same stimuli, do in some sense 
live in different worlds.” 


But here, the difficulty appears, how can equivalent stimuli be factually 
distinguished from different stimuli, if these stimuli are indescribable by 
us? If the doctrine of the nonuniqueness of the relation between stimu- 
lus and sensation is to be at all justifiable, and indeed operationally 
applicable, we must at least be able to identify equivalent stimulus 
situations. 

The indescribability of stimuli notwithstanding, a special feature 
of the stimulus ontology seems to allow the identification.of equivalent 
stimulus situations; ° 


If two people stand at the same place and gaze in the same direc- 
tion, we must . . . conclude that they receive closely similar 
stimuli. (If both could put their eyes at the same place, the stimuli 
would be identical.)” 


The parenthetical sentence contains the justification for the criterion 
for the approximate equivalence of stimuli which immediately precedes 
it: the nature of object-sided influence depends exclusively on the given 
point in space and, we must add, time. The parenthetical sentence is 
thus simply another formulation of Kuhn’s stipulation of the spatio- 
temporality, determinacy, and causal efficacy of stimuli in percep- 
tion. The implied object-sidedness of space and time seems to permit a 
special avenue of contact with purely object-sided stimuli which, while 


97. 1970c, SSR p. 193; compare § 2.2.a. 
98. Ibid. 

99. 1970c, SSR p. 192. 

100. Compare §§ 2.1.a and 2.2.b. 
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it doesn’t make them describable by us, still allows us to identify equiv- 
alent stimulus situations. 

But the spatial extension of the human body and its sensory organs 
prevents us from ever bringing the sensory organs of two people to- 
gether in precisely the same place at precisely the same time. Thus, in 
the above passage, Kuhn sets an operationally inert sentence in paren- 
theses, replacing it with an approximation. But if it is to fulfill its 
purpose, this approximation must obviously impose a continuity 
axiom on stimuli conceived as purely object-sided: as small spatial dis- 
placements can give rise to only small changes in received stimuli, it 
follows that stimuli must be relatively evenly distributed in space. But 
how might this continuity axiom be justified? Even in concrete cases 
(let alone the general case), perception is unsuited to this task. For the 
doctrine of the nonuniqueness of the relation between stimulus and 
sensation, as it now stands, prohibits any inference from the (approxi- 
mate) equivalence of perceptions to the (approximate) equivalence of 
stimuli. Neither can empirical scientific theories make any assertions on 
the spatiotemporal distribution of stimuli conceived as purely object- 
sided. For such theories are only concerned with stimuli in the second 
sense, and these stimuli always contain genetically subject-sided com- 
ponents—they are always contingent on some particular phenomenal 
world. So the continuity axiom required in order to draw relevant 
consequences from the stimulus ontology turns out to be an additional 
metaphysical postulate. 

It is highly doubtful whether Kuhn actually intended to incorporate 
this additional metaphysical postulate into his theory, and highly 
doubtful whether he should. For the aforementioned proximity crite- 
rion for the identification of equivalent stimulus situations is inapplica- 
ble in many of the situations relevant to Kuhn’s efforts toward a theory 
of the structure of scientific development. This criterion is only applica- 
ble in situations in which two observers find themselves in approxi- 
mately the same place at the same time. Scientists engaged in a controversy 
over theory choice may occasionally be in such a position. The histo- 
rian whose job it is to reconstruct the history of science, however, is 
generally not in this position: he or she is not, for example, when the 
issue is the transition from Aristotelian to Galilean dynamics. 

And in fact, Kuhn proceeds in a different way in many of the 
corresponding passages of SSR.'°! Where, in 1969, equivalent purely 
object-sided stimulus situations are to be identified, SSR refers to a phe- 
nomenal world. With regard to the transition from Aristotelian to Gali- 


101. This other procedure can be worked into a modification of the stimulus ontol- 
ogy; see § 2.2.c. 


The World Concept / 53 


lean dynamics, for example, Kuhn claims, ‘““when Aristotle and Galileo 
looked at swinging stones, the first saw constrained fall, the second a 
pendulum.’’! Here the shared fixed'® object of both Aristotle’s and 
Galileo’s observations, the swinging stones, is identified within a phenom- 
enal world, the phenomenal world which Kuhn assumes himself to share 
with his readers. No recourse to the shared, purely object-sided stimuli 
of Aristotle and Galileo is even considered here.’ But SSR already 
tends toward an ambiguous notion of stimulus, as we can see from 
Kuhn’s desire, in some cases, to answer the following question in the 
affirmative: “Did these men really see different things when looking at 
the same sorts of objects?! For, on the one hand, Kuhn’s use of the 
terminological distinction between ‘‘to see’’ and ‘‘to look at,” to draw 
the distinction between the product of an act of perception and the as 
yet undetermined object of this act, implies that he imputes “the same 
sorts of objects” to the world-in-itself. But on the other hand, “the 
same sorts of objects” can’t be identified, as such, at least not directly, 
within the world-in-itself, but rather can only be identified as they are 
within a phenomenal world. And in accordance with Kuhn’s own the- 
‘ory, an inference from the identification of a class of objects in a phe- 
nomenal world to'the organization of the world-in-itself is impermis- 
sible, for such classifications of objects are subject to unpredictable 
change in scientific revolutions. 

At such points it appears that the failure to differentiate sufficiently 
the two meanings of the stimulus concept takes its revenge.' For, on 
the one hand, Kuhn here makes use of stimuli in the sense in which 
they are purely object-sided, hence indescribable. And rightly so, for 
the articulation of the plurality-of-phenomenal-worlds thesis demands 
that we adopt a critical epistemological standpoint, from which all 
exclusive claims to knowledge of external reality are suspended in favor 
of a neutral stance toward all phenomenal worlds. But on the other 
hand, when it comes to the identification of equivalent stimulus situa- 


102. SSR, p. 121; emphasis mine. 

103. Or perhaps swinging. 

104. Even such talk of equivalent stimuli in the second sense, scientifically describable 
stimuli, is problematic. For “equivalent stimulus situations” might be concretely realized 
by very different stimuli. For example, the swinging stone’s color, size, shape, and 
brightness, the shadow it casts, the length and thickness of the thread, may all be irrele- 
vant, but these features make a substantial contribution to the stimuli impinging on the 
observer’s eye. The possibility of seeing a given stimulus situation as a swinging stone 
would thus have to function as a criterion for the “relevant’’ similarity of stimulus 
situations—but here, again, is a criterion taken directly from a given phenomenal world. 
On this issue, cf. Jonas 1973, pp. 239ff. 

105. SSR, p. 120; original emphasis; similarly p. 122. 

106. Compare § 2.2.b. 
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tions, Kuhn relies on criteria which are legitimate only from the natural 
standpoint—criteria taken from a particular phenomenal world. The 
switch from one standpoint to the other is masked by the ambiguity 
of the stimulus concept, and the fundamental problem of identifying 
equivalent constellations of purely object-sided stimuli thus appears 
soluble. 

Once the radical character of that critical epistemological stand- 
point which suspends our own phenomenal world’s claims to exclusive 
reality has been recognized, the explanatory power Kuhn attributes to 
the stimulus ontology is called into serious question, and not just on 
account of our highly dubious prospects for identifying equivalent 
stimulus situations. For once the recourse to a phenomenal world in- 
volved in identifying equivalent stimulus situations has been branded 
illegitimate, talk of the equivalent biological endowment and cultural 
conditioning of perceptual subjects appears suspect as well.'°’ Such 
talk, central to the exposition of the stimulus ontology’s explanatory 
virtues, involves assertions which, because they were gleaned from 
theories coined in the natural standpoint, can’t be neutral with respect 
to all phenomenal worlds. There seems to be no reason to accept that 
physical theory’s claims about stimuli must be suspended in order to 
allow the plurality-of-phenomenal-worlds thesis to be formulated, 
while the propositions of biology and the social sciences are left standing 
as if they contained no prejudice in favor of some particular phenomenal 
world (or class of phenomenal worlds). 

This problem, whose severity should now be clear, affects the 
“viewpoint” of any analyst who attempts an unbiased examination of 
the reality presupposed by an alien subjectivity and allows the possibil- 
ity that this reality is different from the one he or she presupposes. 
This effort demands, for one, impartiality toward the different possible 
ways of conceiving reality. In particular, the analyst must suspend his 
or her own conception of reality. If the analyst does this as radically as 
Kuhn’s stimulus ontology suggests, he or she simultaneously gives up 
all the tools needed in order actually to carry out the examination. For 
example, he or she is no longer in any position to identify equivalent 
stimulus situations, since such identification can only issue from, or 
occur within, a given phenomenal world. In addition, any possibility 
of making biological or anthropological assumptions is lost; for such 
assumptions can only be legitimated in the framework of a particular 
phenomenal world, and once so legitimated, they become illegitimate 
as judged by the standard of complete impartiality toward other phe- 
nomenal worlds. 


107. Compare § 2.2.c. 
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But all these reflections show, in the end, that the instantaneous 
and complete fulfillment of the ideal of impartiality toward other phe- 
nomenal worlds is an illusion. We can’t simply leave our own phenom- 
enal world behind and go trotting off in unbiased pursuit of the (re)con- 
struction of other cultures’ alien phenomenal worlds. The historian, 
the ethnologist, and also the philosopher who studies alien phenomenal 
worlds are bound to their respective phenomenal worlds, and any at- 
tempt on their part to construct other phenomenal worlds results in a 
construction which issues from their own phenomenal worlds. The necessity 
of proceeding from one’s own phenomenal world is ineluctable. If (as 
might be denied) emancipation from this starting point is possible at 
all, it presumably only occurs step by step. ' 

What has become of Kuhn’s stimulus ontology, and of the motives 
which prompted its introduction? 

Stimuli were meant to account for the similarity of object percep- 
tions enjoyed by members of a given community in similar stimulus 
situations and for the fact that, at least in principle, members of differ- 
ent communities aren’t denied the possibility of learning each other’s 
modes of perception.’ But it turns out that stimulus situations in 
which the operant purely object-sided stimuli are approximately the 
same can’t, on Kuhn’s theory, be identified as required in order actually 
to apply the stimulus ontology to any concrete case.!!° In addition, the 
desired explanation also requires premises taken from biology and the 
social sciences that, since achieved from the natural standpoint, stand 
in stark contrast to those purely object-sided stimuli drawn from the 
critical epistemological standpoint. And so the stimulus ontology is 
incapable of actually accomplishing the explanatory tasks for which it 
was introduced in the first place. 


e. The Modified Stimulus Ontology 


Can the stimulus ontology be so modified as to perform its intended 
explanatory functions? The modification closest to hand, that implicitly 
used in SSR,'"' consists in the following: the approximate equivalence 
of stimulus situations in the second sense, that is, of incident electromag- 
netic radiation or sound waves, serves as the approximate equivalence 
criterion for stimulus situations in the first sense, where stimuli are 


108. I will return to this entire problem complex in § 3.8. 

109. Compare § 2.2.c. 

110. Unless one pays the price of assuming the rather questionable additional meta- 
physical postulate discussed above. 

111. Compare § 2.2.d. 
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purely object-sided. Scientific methods thus become permissible in 
identifying approximately equivalent, purely object-sided stimuli, and 
such identification becomes relatively unproblematic. The shift from 
stimuli in the first sense, conceived as purely object-sided and inde- 
scribable, to stimuli in the second sense, conceived as scientifically 
describable, implies a simultaneous shift from the critical epistemologi- 
cal standpoint to the natural standpoint.'!* This shift appears to have a 
further advantage in that it allows us to apply theories from biology 
and the social sciences developed from the natural standpoint, which, 
from the critical epistemological standpoint, appeared so prob- 
lematic.'!° 

So let us consider this proposed modification of the stimulus ontol- 
ogy. We will suppose that the avoidance of individual and social solip- 
sism is successful if, arguing as in § 2.2.c., we take the scientifically 
identified approximate equivalence of stimulus situations as our crite- 
rion for the approximate equivalence of purely object-sided stimulus 
situations. !"4 One theoretical consequence which now seems unavoid- 
able stands in sharp contrast to Kuhn’s original intentions. For we have 
moved substantially nearer to the form of realism generally taken for 
granted in empirical science! and characteristic of Popperian philoso- 
phy. I will call this “Peircean realism.”''® According to this form of 
realism, science captures reality, albeit neither absolutely nor incorrigi- 
bly, still to a fair and, over the years, ever-improving approximation, |!” 
As we will show, the employment of scientific theories in identifying 
purely object-sided equivalences raises fewer unpleasant consequences 
for Kuhn’s theory than the fact that empirical, scientific statements will 
have to be made about perceptual subjects. 

The employment of scientific theories in identifying approximately 
equivalent stimuli actually implies a form of realism subtly weaker than 
the Peircean variety. For if we allow the march of science to exhibit 


112. Compare § 2.2.b. 

113. Compare § 2.2.d. 

114. 1 am not now concerned with justifying this criterion. In what follows, I will 
merely analyze the implications of the position called the “modified stimulus ontology.” 

115. With the exception of certain interpretations of quantum mechanics. 

116. In general, this doctrine is ascribed to Peirce (see e.g. Levi 1985, p. 622; Rescher 
1984, chap. 5; Scheffler 1967, pp. 11, 19, and 73). For Popper’s presentation and defense 
of this form of realism, see in particular his 1963, chap. 10; 1972, chap. 2, and 1979, pp. 
371-372. 

117. The chief problem with this position isn’t really its justification but is rather the 
task of explicating what ‘‘fair approximation” actually means. See § 7.6.d for Kuhn’s 
rejection of this position. For a defense of the position against Kuhn see Shimony 1976; 
q.v. Niiniluoto 1985, 1987, and Oddie 1986, along with their references. 
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any cognitive progress, as Kuhn does,!7® it follows that an identification 


of approximately equivalent stimulus situations entailed by a better the- 
ory must, under our assumptions, be taken as a better identification. In 
what sense can an identification of object-sided equivalence be “‘bet- 
ter’? Only in the sense in which it better captures the actual object- 
sided equivalence (or difference). Note that this does not imply any 
progress toward more closely capturing the nature of the purely object- 
sided (whatever that might mean); all it implies is that we more closely 
capture an object-sided equivalence relation. Scientific progress would 
thus consist not in a “‘drawing closer to the truth”’ in the sense of a 
progressive approximation of the true nature of things but rather in an 
ever-improving ability to identify purely object-sided equivalence. 

But, in order to apply this modified stimulus ontology, some theo- 
retical statements about perceptual subjects must also be adduced.'” 
Among these is the general claim that various perceptual subjects all 
share the same basic biological endowment. Yet this general claim 
isn’t enough; parameters for the equivalent stimulation of human sense 
organs must also be specified, implicitly or explicitly. For example, 
concrete assumptions must be made about excitation thresholds and 
frequency sensitivities. Such assumptions are needed if we are actually 
to identify classes of equivalent stimulus situations by means of scien- 
tific theories. For the equivalence of two stimulus situations doesn’t 
imply that the two situations are identical with respect .to everything 
impinging on the relevant perceptual subjects.'”? Two stimulus situa- 
tions rather count as equivalent if they agree in those features which, 
for biological reasons, are perceptually efficacious, even if they differ in 
their perceptually inert aspects. For example, two perceptual situations 
differing only in the ultraviolet spectrum would count as situations 
with equivalent visual stimuli. We thus obviously need some empirical 
scientific theories of human perception in order for the modified stimu- 
lus ontology to identify equivalent stimulus situations in the desired 
way. 

But now we must consider the status of these theories of human 
perception. Do such theories represent human perception at least ap- 
proximately as it really is, or must the distinction between better and 
worse theories be drawn, here as elsewhere, without any way of gaug- 
ing their “proximity to the truth’’? 

To begin with, it is easily shown that interpreting such theories 


118. See §§ 5.5 and 7.6. 

119. Compare § 2.2.c. 

120. On this issue, compare footnote 104 to 2.2.d in which a further aspect of the 
difference between two stimulus situations taken as equivalent is considered. 
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according to Peircean realism would grant them a status allowing them 
to fulfill their intended function. For if human perception indeed works 
in the manner described by theories of perception, these theories can 
be taken as approximately true of all perceptual subjects, regardless of 
which phenomenal world they hold to be the real world. The proxim- 
ity to the truth of theories of human perception allows me to apply the 
claims of such theories to perceptual subjects not just as they appear to 
me, as objects in my phenomenal world, but as they actually are— 
regardless of whether these perceptual subjects share my perceptual 
theories. Equivalent stimulus situations can thus be identified by means 
of realistically interpreted theories of stimuli and human perception, en- 
abling us consciously to place ourselves in the same stimulus situations 
as members of an alien culture, whatever the actual stimuli involved. 
And this ability, we recall, was a necessary precondition for the accessi- 
bility of alien cultures. '”! 

But this Peircean realist interpretation of proffered perceptual theo- 
ries is highly unsatisfactory. For there seems no adequate reason for 
allowing these theories, but not the theories about stimuli, to be inter- 
preted as more or less close to the truth. If we wish to remain consistent 
within the bounds of Kuhn’s theory, we will have to interpret theories 
of human perception as relative to particular phenomenal worlds; and 
though the possibility of comparing the respective merits of different 
perceptual theories isn’t thereby precluded, the possibility of applying 
absolute or relative claims of proximity to the truth is.’ But now 
social solipsism poses a formidable threat; I can capture the perceptual 
workings of those perceptual subjects to whose phenomenal world I 
seek access no longer even approximately as they really are but only as 
they appear to me as objects in my phenomenal world. To be sure, I can 
work out better or worse theories about their perceptual functioning, 
by my own standards, and can thus identify approximately equivalent 
stimulus situations for them and for me well or poorly, by my stan- 
dards. But all this occurs within my phenomenal world, and I have abso- 
lutely no grounds for claiming that the equivalent stimulus situations 
thus identified come even close to capturing the perceptually relevant 
object-sided stimuli the aliens and I share. The claim that equivalent 
situations identified by scientific means could serve as the neutral basis 
and secure point of departure for access to alien cultures becomes un- 
tenable; all such identifications occur from within a given phenomenal 
world, and can thus make no claims to neutrality toward other phe- 
nomenal worlds. The prospects for understanding an alien phenomenal 
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world by the means sketched in § 2.2.c. now appear highly suspect, at 
least if our goal is to understand the alien phenomenal world in itself, 
as this phenomenal world is to members of the alien culture. The most 
I can have is pictures or models of alien phenomenal worlds, whose 
proximity to the truth can, in principle, never be evaluated, as a consequence 
of the assumption that the proximity to the truth of my perceptual 
theories can’t be evaluated. Social solipsism follows. 

It appears that the modification of the stimulus ontology we have 
been discussing can’t do its intended job if the theories of human per- 
ception it employs are interpreted in the same critical manner in which 
Kuhn interprets scientific theories in general, as having no determinable 
relation to reality itself. The one reality, the world-in-itself, or the world 
of stimuli (in the first sense) is inaccessible, and so a theory’s distance 
from or proximity to this world can be gauged in neither absolute 
nor relative terms. A realistic interpretation of theories of perception 
powerful enough to make use of the stimulus ontology appears to be 
ruled out by considerations of consistency. And so the modified stimu- 
lus ontology can’t perform the functions which made its candidacy as 
a prop for the foundations of Kuhn’s theory plausible. 

Neither in SSR nor in his 1969 papers does Kuhn appear to be 
fully conscious of the troubles faced by both the original and the modi- 
fied versions of the stimulus ontology. The double meaning of ‘“‘na- 
ture” and “world” in SSR and the corresponding ambiguity of the 
stimulus concept in the 1969 papers are chiefly to blame. “In addition, 
Kuhn appears not to have taken sufficient account of the fact that mem- 
bers of alien cultures can, initially, only appear to us as objects in our 
own phenomenal worlds; thus the critical skepticism we adopt toward 
the claimed uniqueness of our own culture’s notion of reality also ap- 
plies to what we perceive as members of alien cultures, if they can 
count as epistemically accessible at all. The less realistic reading of 
“nature,” “world,” and “stimulus” seems in better accord with the 
goals of Kuhn’s theory, as it was molded by the particular critical 
epistemological standpoint required by this theory. But the critical 
epistemological standpoint gives up all of the tools we would need to 
battle individual and social solipsism, for the identification of equiva- 
lent stimulus situations is prohibited by the inaccessability of the purely 
object-sided, and the employment of theories about perceptual subjects 
illegitimate. The more realistic reading of ‘nature,’ “world,” and 
“stimulus,”” molded by the natural standpoint, leads to the “‘modified 
stimulus ontology.”’ On this version, the identification of approxi- 
mately equivalent stimulus situations is unproblematic and the employ- 
ment of theories of human perception justified. But now a dilemma 
arises: if the employed theories of perception are interpreted in accor- 
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dance with Kuhn’s theory, social solipsism can no longer be avoided— 
yet the defense against solipsism was the most important motive for 
introducing the stimulus ontology. If, on the other hand, we interpret 
perceptual theories according to Peircean realism, we stand in opposi- 
tion to the central thrust of Kuhn’s theory, which asserts that reality 
itself is inaccessible to us. 

Kuhn’s undeclared shifts between the two readings of the central 
concepts of world or nature and stimulus (especially in his postscript 
to SSR)'?3 makes it seem as though the advantages of both variants of 
the stimulus ontology could somehow be combined. But, in fact, the 
fundamental difficulties the stimulus ontology causes for Kuhn’s theory 
are thereby masked. The fundamental problem, that of the viewpoint 
of the analyst examining the objectivity presupposed by alien subjectiv- 
ity, will reemerge in chapter 3, in our analysis of the construction of 
phenomenal worlds, and I will return to it in § 3.8. But first we must 
consider such changes in Kuhn’s understanding of the world as the 
object of scientific inquiry as occur after 1969, and especially after 1979. 


2.3 The Phenomenal World after 1969 


Kuhn’s writings over the decade following 1969 teach us nothing about 
the epistemological-ontological problem of the phenomenal world. 
Kuhn returns to this issue only in 1979b, where his position exhibits 
two important points of change. 

First, Kuhn now explicitly does without the world-in itself, the 
“one real world, still unknown.’!4 He describes his position as 
“also... Kantian, but without the ‘things in themselves’”’ (and with 
temporally mutable categories).'”° These texts leave open whether, and 
if so, how Kuhn avoids the solipsistic pitfalls of this position which 
threatened in 1969. Though Kuhn claims his position to be a “realistic” 
one, the precise meaning of this claim remains, admittedly, unex- 
plained. ’”° In any case, Kuhn asserts, though with some reluctance, 
that a position which is Kantian in this sense “need not . . . make the 
world less real.’”!?” 

Second, the phenomenal world is now addressed with changed 
focus. In one of the most important developments in Kuhn’s thought, 


123. Compare § 2.2.b. 

124. 1979b, p. 418. 

125. 1979b, pp. 418-419; also compare 1979c, p. xi. 
126. 1979b, p. 415. 

127. 1979b, p. 419. 
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the role previously ascribed to perception makes way for an even 
stronger emphasis on the role of language.’ In SSR and in the 1969 
papers, language was already strongly implicated in the phenomenal 
world,'”? though visual purchase remained the guiding prototype for 
any encounter with the world. In SSR, the phenomenal world is a 
world that is ‘‘seen,” in both the literal and the metaphorical senses. In 
the 1969 papers, our encounter with the world is mediated by stimuli, 
always conceived as visual stimuli. Of course, different ways of seeing 
the world also have their linguistic consequences, but the dominant 
role is ascribed to vision itself. Now the weight is shifted in favor of 
language. In 1982, Kuhn claims “If I were now rewriting The Structure 
of Scientific Revolutions, 1 would emphasize language change more.”’'°° 
SSR asserted of the phenomenal world, for example, that it was ‘“‘al- 
ready perceptually and conceptually subdivided in a certain way.’’'! 
Now the typical claim is that there are ‘“‘clusters of interrelated terms”’ 
which must “‘be learned together, and which, when learned, give a 
structure to some portion of the world of experience;”!*” in short, 
“language structures the world.” The “‘structure of the world” is 
here understood as the network of similarities and differences between 
objects in the world, especially as evidenced by the extensions of con- 
cepts and the relations between them.'** 

But this emphasis on language should not be understood as entirely 
eliminating the role of perception in Kuhn’s theory. For one, first lan- 
guage acquisition is tied to perception.'*> In addition, percéption plays 
an important role in the dynamic of (scientific) language: 


alterations in the way scientific terms attach to nature are not— 
logical empiricism to the contrary—purely formal or purely lin- 
guistic. On the contrary, they come about in response to pres- 
sures generated by observation or experiment.'*° 


128. A second important line of development involves the notion of a paradigm; 
see § 4.2. 

129. On this issue, see especially § 3.6.b. 

130. 1983b, p. 715. —This trend toward an increasing emphasis on language contin- 
ues in works which will appear after 1990, and thus can’t be considered in this study. 
Consider the title of the Thalheimer Lectures, which Kuhn gave at Johns Hopkins Uni- 
versity on November 12-19, 1984: “Scientific Development and Lexical Change.” 

131. SSR, p. 129. 

132. 1983a, p. 680. 

133. Ibid.; similarly 1979b, p. 418; 1981, p. 21; 1983a, pp. 676, 682; 1989a, p. 11; 
1990, p. 300. 

134. I will return to this issue in greater detail in chap. 3. 
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The greater emphasis on language also has an impact on the formu- 
lation of the plurality-of-phenomenal-worlds thesis. This thesis be- 
comes the “assertion that different languages impose different struc- 
tures on the world.’’!°’ The thesis is justified as in earlier works: Kuhn 
offers examples of different structurings of the world by different lan- 
guages (or sociolects), or of structural changes brought about by lin- 
guistic change.'** In addition, he offers an analysis of the way in which 
the concepts at work in such structures might be learned, thus giving 
a plausible account of the way in which different languages lead to 
different structurings of the phenomenal world.” 

But such formulations as “different languages impose different 
structures on the world” and “terms attach to nature’’!? might be 
misunderstood as claiming that the structureless, completely object- 
sided world came first, and was followed by different languages, by 
which various structures were imposed upon the world. This claim 
suggests recourse to a world-in-itself, a road which Kuhn now explic- 
itly rejects. He rather insists on the impossibility of separating the purely 
object-sided from the genetically subject-sided, as suggested by the following 
rhetorical questions: 


Does it obviously make better sense to speak of accommodating 
language to the world than of accommodating the world to lan- 
guage? Or is the way of talking which creates that distinction itself 
illusory? Is what we refer to as ‘the world’ perhaps a product of 
a mutual accommodation between experience and language?!"! 


The genetically subject-sided moments of the world can’t be identified, 
let alone subtracted. And neither can the genetically object-sided mo- 
ments of language be identified, let alone subtracted: 


In much of language learning these two sorts of knowledge— 
knowledge of words and knowledge of nature—are acquired to- 
gether, not really two sorts of knowledge at all, but two faces of 
the single coinage that a language provides. . . . If I am right, the 
central characteristic of scientific revolutions is that they alter the 
knowledge of nature that is intrinsic to the language itself and 


137. 1983a, p. 682; similarly 1979b, p. 414; 1981, p. 21; 1983a, pp. 680, 683. —Also 
see the earlier 1970b, p. 277. 

138. 1979b, pp. 416, 418; 1981, p. 19; 1983a, pp. 679-680. 

139. On this issue, see chap. 3, especially § 3.6.d. 

140. 1979b, p. 416; 1981, pp. 18, 19, 20, 21; 1983a, pp. 680-681. 
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that is thus prior to anything quite describable as description or 
generalization, scientific or everyday. 


The genetically subject-sided and genetically object-sided moments 
in the constructions of language and the world are thus inseparable. 
This is the reason Kuhn can drop, and must drop, the postulate of a 
purely object-sided world-in-itself, however conceived. For if this 
purely object-sided world is to have any of the explanatory power for 
which it was introduced in the first place, it must have determinate, 
determinable features; nothing indeterminate or indescribable can serve 
as an explanans (for something determinate). But we have recourse to 
nothing which might establish the pure object-sidedness of any attri- 
bute, neither an apparently subject-sided language, nor the apparently 
object-sided world; for, in truth, the two moments are inextricably 
linked. It now remains an open question in what sense Kuhn’s is a 
realistic position,’ of the sort which might mandate a rejection of 
social solipsism. 


142, 1981, p. 28; similarly 1983a, p. 682; 1989a, pp. 15-16, 18, 20; 1990, pp. 302, 
304, 306. : 
143. I will return to this question in §3.2. 
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The Constitution of a 
Phenomenal World 


THE SCIENTIST’S WORLD, the world that provides the scientist and 
other members of his or her community with objects for study, is 
accessible by means of perception, language, instrumentation, and the- 
ory. As we learned in chapter 2, this world is a phenomenal world; in 
other words, despite appearances to the contrary, its objects contain 
genetically subject-sided moments in addition to purely object-sided 
moments. 

Now, as Kuhn has noted so clearly since 1979, the genetically 
object-sided and genetically subject-sided moments of a phenomenal 
world are not properly separable. Does this mean that we can never 
analyze phenomenal worlds with respect to their subject-sided mo- 
ments? Or, more pointedly, can we never distinguish changes in a 
phenomenal world that are solely the result of alterations in subject- 
sided moments from changes not only subject-sided in origin? Obvi- 
ously this cannot be the case for Kuhn, lest we be forced to deny any 
sense to his talk of scientific revolutions as changes in the scientist’s 
world.' Despite the inseparability of genetically subject-sided from ge- 
netically object-sided moments of a phenomenal world, we may judge 
some changes in a phenomenal world to be subject-sided in origin with- 
out thereby imposing a complete sundering of subject-sided from object- 
sided. It follows that phenomenal worlds may, up to a point, be ana- 
lyzed with respect to their genetically subject-sided moments, even 
though these always occur along with object-sided moments. I will call 
such an analysis, carried out now not on a particular phenomenal world 
but for phenomenal worlds in general, the general analysis of the constitu- 
tion of phenomenal worlds.” 

Kuhn attempts such a general analysis of the constitution of phe- 


1. See § 6.2. 
2. In recent work Kuhn has also emphasized the importance of contributions by the 
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nomenal worlds by exploring the process whereby the individual members 
of a given (scientific) community gain access to the community’s phenomenal 
world, a process in which “education, language, experience, and cul- 
ture” play a role.* This formulation of the program of general analysis 
of the constitution of phenomenal worlds invites three points of clari- 
fication. 

First, our use of the expression “to gain access to a phenomenal 
world” should neither suggest that the phenomenal world has an exis- 
tence independent of and prior to the community, and thus needs only 
to be discovered by its members, nor be taken to imply that the com- 
munity creates the phenomenal world entirely according to its own 
dictates; the constitution of a phenomenal world is neither purely pas- 
sive reception nor purely active invention. On the contrary, the insepa- 
rability of genetically subject-sided from genetically object-sided 
moments of a phenomenal world implies that gaining access to a 
phenomenal world is something which lies between the two poles, 
“discovery” and “‘invention.’’* 

Second, a phenomenal world is specific to a given community, and 
in a (not entirely unproblematic) sense, this community may be called 
the constituting agent for the phenomenal world.> How, then, can 
the constitution of phenomenal worlds be analyzed by means of an 
examination of the process whereby individual members of the commu- 
nity “‘gain access” to them, in the sense described? The answer to this 
question lies in the peculiar way in which the individual members are 
conceived when our task is to explore the constitution of phenomenal 
worlds. For in this case individual members are considered only with 
regard to their membership in the community; their common nature 
qua members of the community is in view. From this perspective their 
individuality vanishes, as each member becomes a representative of the 
whole community. Of course, this point of view presupposes that the 
diverse individuals do, indeed, have some group-specific common 
traits; we will have to ask both in what these group-specific traits 
consist and how they come about.°® 

Third, Kuhn approaches the issue of the constitution of phenome- 
nal worlds by way of the question of individual access. This question 
embodies the search for a genesis, namely the coming about of a phe- 


3, 1970c, SSR, p. 193. 

4. In § 3.2 I will demonstrate at what point the intermediate position of such access 
becomes palpable. 

5. Thus a change in phenomenal world of the kind that occurs in scientific revolu- 
tions, resulting from a change in genetically subject-sided moments, is a process attribut- 
able to an agent: the scientific community. See § 6.1. 

6. See § 3.4. 
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nomenal world’s being-for-someone. But we must sharply distinguish 
this quest from the demand for the real genesis of a phenomenal world, 
or the real genesis of the objects contained in a phenomenal world. For 
the question of real genesis is concerned, for example, with the manner 
in which the components of a given thing must have come together; 
in what way, perhaps, they might have been transformed, or might 
have transformed each other, in order to bring about this thing as an 
effect. And in general,’ only that which is actually in the world, which 
has or had a real existence apart from the analyst, can count as one of the 
thing’s true “building blocks.’’ The demand for real genesis is, obvi- 
ously, posed from the “natural standpoint,’’® according to which pri- 
mary interest lies in the present and past objects in the (given phenome- 
nal) world. 

In seeking the genesis of phenomenal worlds (or of regions of, or 
objects in, these phenomenal worlds) in the sense of their constitution, 
the interest lies elsewhere. For then the fact that phenomenal worlds 
also contain relevant, genetically subject-sided moments must be taken 
into account, and our task is to analyze these moments with regard to 
their world-constituting function. An ideally successful analysis would 
result in an understanding of phenomenal worlds on which two fea- 
tures have become transparent: first, that phenomenal worlds do, in- 
deed, contain genetically subject-sided moments, the nature of which 
is known just to the extent to which they are separable from genetically 
object-sided moments. In addition, the overwhelming propensity of 
any phenomenal world to appear to those living in it as the only purely 
object-sided world, as the real world, must also be transparently intelli- 
gible. In order to launch any inquiry into the constitution of phenome- 
nal worlds, the natural standpoint, which holds the complete objectiv- 
ity, and hence the absolute reality, of the given phenomenal world to 
be self-evident, must clearly be abandoned. The necessity of leaving 
the natural standpoint in order to carry out a general analysis of the 
constitution of phenomenal worlds brings with it a number of method- 
ological problems, which | will discuss shortly. 

First, however, I would like to address the question of why the 
issue of the constitution of phenomenal worlds is of such importance 
for Kuhn’s project. Let us assume that Kuhn could satisfactorily meet 
our demand regarding the constitution of phenomenal worlds, namely, 
that he could provide a general analysis of phenomenal worlds with 
respect to certain of their genetically subject-sided moments. Let us 


7. Tam here avoiding the special complex of problems that appears to arise from the 
interaction of observer and observed in quantum physics. 
8. Compare § 2.2.b. 
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further assume that Kuhn could demonstrate the existence of a possibil- 
ity space within which the subject-sided moments of phenomenal 
worlds might vary, such that variation in subject-sided moments re- 
sults in a difference in phenomenal worlds. Under these conditions 
Kuhn would have a devastating argument for his central plurality-of- 
phenomenal-worlds thesis. But beyond the brute fact of the plurality 
of possible phenomenal worlds, we might also come to appreciate how 
it is that various genetically subject-sided moments serve to constitute 
diverse phenomenal worlds. Kuhn’s theory would thereby gain real 
substance, for then the claim that a given community lives in a given 
phenomenal world would also imply that some specific features of this 
phenomenal world could be illuminated by recourse to the individual 
member’s mode of access (in the defined sense) to the community’s 
phenomenal world. Furthermore, the preconditions for determining in 
what way, and by virtue of what factors, the (phenomenal) world of 
a scientific community can change during the course of a scientific 
revolution would have been met.’ 

But the general analysis of the constitution of phenomenal worlds 
faces a methodological difficulty bearing a more-than-coincidental sim- 
ilarity to the difficulty which stymied Kuhn’s use of the stimulus ontol- 
ogy.'” Kuhn attacks the one-sidedness of work in the earlier historio- 
graphic and epistemological tradition for having recognized only its 
own phenomenal world as the real world, thus excluding (implicitly 
or explicitly) the possibility of alternative phenomenal worlds.'! In or- 
der to overcome this predilection for our own phenomenal world and 
adopt an impartial attitude toward other possible phenomenal worlds, 
we must suspend all of our own phenomenal world’s exclusive claims 
to absolute reality. In other words, the general analysis of the constitu- 
tion of phenomenal worlds must be carried out strictly from the critical 
epistemological standpoint. But this does not mean that our own phe- 
nomenal world’s claim to exclusive existence is only, as Husserl might 
have it, “bracketed”; in that case we could remain completely con- 
vinced of the exclusivity claim, though choosing temporarily, for 
methodological reasons, not to make any use of it.'* Here our own 


9. See § 6.2. 

10. Compare §§ 2.2.d-e. 

11. Compare §§ 1.2.c, 2.1.b. 
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conception of what is empirically real must rather, in accordance with 
the plurality-of-phenomenal-worlds thesis, actually be given up in order 
to make room for alternative conceptions of empirical reality. 

But does this radically critical epistemological standpoint even per- 
mit us to attempt a general analysis of the constitution of phenomenal 
worlds? Aren’t we committed to taking the constituting agents as ex- 
isting absolutely, that is, independently of the analyst’s phenomenal 
world? Mustn’t we make certain assumptions about these agents, as- 
sumptions regarding the faculties in virtue of which they become con- 
stituting agents of a phenomenal world? From what sources could such 
assumptions derive their plausibility?'? An empirical justification seems 
unacceptable, on the grounds that it could only take account of the 
constituting agents of other phenomenal worlds qua objects of the ana- 
lyst’s phenomenal] world, thus injuring crucial neutrality toward di- 
verse phenomenal worlds. A reflective justification of these assump- 
tions faces a similar difficulty, the implausibility of arriving by 
reflection at the set of invariant world~constituting faculties of agency 
common to all (human) subjects. On this issue, Kuhn himself claims 
at one point that, at least for scientists, a transcendence of one’s own 
phenomenal world complete enough to allow an unbiased survey of all 
possible phenomenal worlds is impossible, though a scientist situated in 
a given historical context might face a choice between two possible 
phenomenal worlds.'* We must therefore conclude that Kuhn would 
deny the possibility of such a completely neutral standpoint for the 
philosopher or historian of science as well. 

It thus seems unavoidable that the general analysis of the constitu- 
tion of phenomenal worlds must be conducted from the standpoint of 
our own phenomenal world. Assumptions verifiable only with respect 
to the analyst’s own phenomenal world must, indeed, be made. But 
how, then, can the general analysis of the constitution of phenomenal 
worlds ever attain its goal: a reconstruction, unprejudiced by our phe- 
nomenal world, of the process whereby the members of a given com- 
munity access a phenomenal world alien to us? This methodological 
difficulty is never considered in Kuhn’s writings, an inattention remi- 


appropriately dispelled—so that at the end of the process, the matter is taken to be what 
it was in the first place. On the contrary, this path is the conscious insight into the 
untruth of phenomenal knowledge” (G.W.F. Hegel, The Phenomenology of Spirit, trans. 
A.V. Miller [Oxford: Clarendon, 1977], pp. 49~50). The parallel between Hegel’s Phe- 
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niscent of his undeclared shift between the two meanings of the notion 
of “‘stimulus,” which obscured troubles with the stimulus ontology. 
Here as before the problem lies in finding an appropriate viewpoint for 
the unbiased exploration of a reality presupposed by alien subjectivity. It 
follows that Kuhn’s general analysis of the constitution of phenomenal 
worlds, which seeks its goal along a path not mediated by any reflective 
treatment of the analyst’s viewpoint, will only produce results that are, 
strictly speaking, undetermined. 

In what follows I will nonetheless reconstruct Kuhn’s analysis 
without first reflecting on the analyst’s viewpoint. Only after the analy- 
sis has been completed will we consider, retrospectively, whether there 
is a viewpoint from which such an analysis is possible, and, if so, what 
weight we should place on our results. 

In one respect, however, we may already limit the demands we 
place on Kuhn’s general analysis of the constitution of phenomenal 
worlds; Kuhn hardly claims to have treated the constitution of phe- 
nomenal worlds exhaustively. He rather selects only one element of the 
constituting process for discussion, albeit one he sees as fundamental 
to an understanding of the structure of scientific progress.'” But this 
element, a specific. sort of learning, is not only relevant to the constitu- 
tion of such phenomenal worlds as characterize the sciences but indeed 
universal in the sense that it plays a role whether we are dealing with 
the phenomenal world of “an entire culture or a specialists’ sub- 
community [of experts in a given scientific field] withirs it.”"8 It fol- 
lows, as a methodological consequence of this universality, that certain, 
relatively easily analyzed learning processes important in constituting 
an ordinary world might also be taken as representative of the processes 
involved in constituting the phenomenal worlds of science. Kuhn 
makes frequent use of this possibility in illustrating the constitution 
of a scientific world, an “extraordinarily complex enterprise,’’'? by 
nonscientific examples.”° 


15. Compare §§ 2.2.b, 2.2.d~e. 

16. See § 3.8. 

17. Kuhn speaks of “one of the fundamental techniques” in 1970c, SSR p. 193, and 
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The process of constituting phenomenal worlds, insofar as it is 
here given a general analysis, is characterized by the following schema: 
We are dealing with a learning process (§ 3.1) in which, by means of 
ostension (§ 3.2), a certain type of similarity relation (§ 3.3), which 
members of a given social community have already mastered (§ 3.4), 
is learned. These similarity relations are codeterminants for perception 
(§ 3.5) and for the formation of empirical concepts (§ 3.6). Concepts 
introduced by means of the similarity relations cannot be precisely 
explicated, and they contain knowledge of nature (§ 3.7).7! The trans- 
formations which Kuhn’s conception of the phenomenal world, and 
with it his conception of the process of constitution, have undergone, 
especially those occurring between the late 1960s and the late 1970s, 
are given special attention in § 3.6. Finally, the problem of viewpoint 
for the analyst attempting a general analysis of the constitution of phe- 
nomenal worlds is treated in § 3.8. 


3.1 The Learning Process 


Access to the phenomenal world of a given (scientific) community may 
be gained by way of an at least partially reversible learning process.” 
Characterizing the process whereby the learner discloses a phenomenal 
world in this way suggests three negative features. First, such contribu- 
tions to the phenomenal world as fall to the side of the subject aren’t 
entirely innate.” Second, as far as the subject side is concerned, the 
disclosure of a world isn’t a process consisting merely in the realization 
of some predetermined possibility.“ Third, the learning process isn’t 
a completely irreversible imprinting; its product can be, at least in part, 
unlearned or overlearned.” In the following sections, we will discuss 


21. The Kuhnian analysis of the constitution of a phenomenal world exhibits notable 
similarities with “linguistic access to the world,” as described by Kamlah and Lorenzen 
in a book fundamental to (re)constructive philosophy of science (Kamlah and Lorenzen 
1967). In what follows, I will note parallels in my footnotes without attempting a system- 
atic comparison. —See Kamlah and Lorenzen 1967, p. 46, on the aforementioned univer- 
sality of the constitution process and its methodological consequences. 

22. SSR, p. 113; 1970a, ET p. 285 n. 34; 1974a, ET pp. 309, 312; 1970b, p. 275; 
1970c, SSR p. 196; 1979b, pp. 412-413; 1981, p. 20; 1983a, pp. 680-681; 1983d, p. 566; 
1989a, pp. 14-15; 1990, p. 302. —Compare Kamlah and Lorenzen 1967, p. 29. 

23. 1974a, ET pp. 308-309. —Of course, this feature doesn’t rule out the possibility 
that some conditions underlying the capacity for undertaking such a learning process 
might be innate. 

24. As is the case, according to Kant, in the attainment of the categories; compare 
Vaihinger 1922, vol. 2, pp. 89-101. 

25. E.g. 1970a, ET p. 285 n. 34; 1983a, p. 677. 
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what is learned in this learning process and how the process proceeds. 
Section 3.2 will present what is chiefly learned, § 3.3 will consider the 
means employed in learning, § 3.4 will discuss who does the learning, 
and the sections which follow will trace the function of successful learn- 
ing in, and its consequences for, the phenomenal world and scientific 
knowledge of that world. 

The aforementioned negative features of the learning process entail 
two attributes of phenomenal worlds central to Kuhn’s theory of the 
structure of scientific development: the phenomenal worlds of different 
communities may also be different; and the phenomenal world of a 
given community can change.* This latter attribute of phenomenal 
worlds, in particular, will prove of decisive importance in characteriz- 
ing scientific revolutions.”’ 


3.2 Similarity Relations 


Kuhn’s general analysis of the constitution of phenomenal worlds 
doesn’t, as we have noted, claim to illuminate all aspects of this process. 
Instead, his analysis focuses primarily on one aspect of special import 
to his theory of scientific development. This is the role played by a 
particular kind of similarity relation in the constitution of a phenomenal 
world.” Before I get into the peculiarities of this form of similarity 
relation, I will state the proximate function of similarity relations in 
general. 

Each similarity relation is constitutive in the formation of a similar- 
ity class, the set whose elements include everything the relation deems 
similar.*” Kuhn distinguishes three separate domains within which sim- 
ilarity classes may be formed:*” 


26. See Kamlah and Lorenzen 1967, pp. 46ff., p. 67. 

27. See § 6.2. 

28. Although Kuhn’s use of the term ‘similarity relation’ begins only in the 1969 
papers, the term’s referent is of central importance as early as SSR. See the footnotes 
which follow for textual references. —The idea originates in Wittgenstein’s later work; 
SSR, pp. 44-45. 

29. 1970c, SSR p. 200. 

30. The explicit, worked-out differentiation of the three domains is found only in 
1970c, SSR p. 194, 1974a, ET p. 313 moves directly from similarity relations as applied 
to objects to similarity relations as applied to problem situations; 1970b, pp. 273-274 
first alludes to the distinction, which may trace back to Suppe 1974a (or at least to the 
version presented at the March, 1969 symposium), especially pp. 486-489; see 1974b, p. 
504, In 1981, p. 20, and in 1983a, pp. 680-682, Kuhn again lists “objects and situations”’ 
as the relata of similarity relations. 
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—Different sensory perceptions of the same object. The forma- 
tion of the similarity class of perceptions similar in virtue of 
belonging to the same perceptual object is constitutive of the 
recognizable identity of that object. 

— Different objects, which in the phenomenal world being consti- 
tuted belong to the same species. Kuhn also calls such similarity 
classes ‘“‘natural families” or ‘‘natural kinds.’”*! 

—Different problem situations,” susceptible to treatment by 
means of the same symbolic generalization.» 


Learning similarity relations always and necessarily includes learn- 
ing dissimilarities.** This is true not only in the sense that every similarity 
is a similarity only given an indeterminate background of dissimilarity. 
Similarity classes are, moreover, always learned as they contrast one from 
the other, so that the learning process gives rise to a more or less com- 
prehensive network of similarities and dissimilarities within the given 


domain. 

Kuhn is most interested in a particular kind of similarity relation, 
the defining characteristic of which sustains important aspects of his 
theory. These similarity relations are immediate in the sense that the 


31. SSR, p. 45; 1970a, ET p. 285; 1974a, ET p. 312; 1970c, SSR p. 194; 1979b, pp. 
411, 413, 414; 1981, pp. 10, 20. The adjective “natural” shouldn’t be taken to suggest 
that only natural objects are at issue; the similarity is rather a “natural” one in the sense 
suggested by the immediacy of similarity relations, which we will discuss soon. 

32. The term “problem situation” is the most precise of those Kuhn uses (e.g. in 
1970b, p. 273). Other designations include “problems” (e.g. in 1974a, ET p. 306; 1970c, 
SSR p. 189), “situations” (e.g. in 1970c, SSR pp. 189, 190; 1990, p. 314, and elsewhere), 
“research problems” (e.g. SSR, p. 45), and “intended applications” (of a theory; 1976b, 
pp. 193-195). 

33. What it means for problem situations to be “susceptible to treatment by means 
of the same symbolic generalization”’ will be clarified in § 3.6.e. —Similarity relations 
in separate domains may be related by dependencies. To begin with, the formation of 
natural families can depend on similarity relations constitutive of the perceptible identity 
of individual objects. In addition, the formation of similarity relations which hold be- 
tween problem situations may exhibit interdependence with the formation of natural 
families of objects. This occurs when certain objects (or certain aspects of these objects) 
are identifiable only in a certain class of problem situations, and, conversely, such prob- 
lem situations obtain only when these objects are given (1983a, p. 686 n. 14; also 1970b, 
p. 274). 

34. Kuhn emphasizes this fact, which is important to his theory, at many points, 
e.g. 1970a, ET p. 285; 1974a, ET p. 312; 1970b, p. 274; 1970c, SSR pp. 193-94; 1974b, 
p. 504; 1976b, pp. 195, 199 n. 14; 1979b, p. 413; 1981, p. 20; 19832, pp. 680, 682, 683: 
1989a, p. 16; 1990, p. 303. —See Kamlah and Lorenzen 1967, p. 30. 

35. But Kuhn says explicitly that not all of a phenomenal world’s operant similarity 
relations need share in this characteristic, SSR, p. 47; 1974a, ET pp. 312-313, 318. 
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similarity involved isn’t derived from defining characteristics of the relata.* 
This characterization of the immediacy of certain similarity relations 
rejects, in Kuhn’s words, all claims that certain ‘‘characteristics,”’ 
“rules,” “principles,” and “criteria” constitute defining tertia compara- 
tionis for similarity.*” 

Two consequences follow from the immediacy of this kind of simi- 
larity relation. First, elements of a similarity class formed by an imme- 
diate similarity relation are tied to one another by “family resem- 


36. Kuhn expresses this kind of immediacy for similarity relations in a variety of 
ways. With regard to similarity relations between ways of viewing objects, or between 
objects, Kuhn rejects the demand for a similiarity-conferring third (‘‘similar with respect 
to what?”’) as illegitimate (e.g. 1974a, ET p. 307; 1970b, p. 274; 1970c, SSR p. 200). 
Such similarity classes or the recognition of similarities is called “primitive” in virtue of 
the illegitimacy of this demand (1974a, ET p. 312; 1970b, p. 275; 1970c, SSR p. 200). 
The recognition of members of natural families as such is similarly called “‘immediate”’ 
(1970c, SSR p. 197 n. 14), and Kuhn asserts that the “integrity”’ of this cognitive process 
must be accepted (1974a, ET p. 313, 1970c, SSR p. 195). With regard to the immediate 
similarity relations which hold between problem situations, Kuhn speaks of the ‘“‘direct 
inspection of paradigms” (SSR, p. 44) or “direct modeling” (SSR, p. 47; 1974a, ET p. 
308), which need not be preceded by an answer to the question “‘similar with respect to 
what?” (1974a, ET p. 308; 1977b, ET p. 17). In his work since 1979, in which the 
linguistic aspect of world-constitution bears more weight, Kuhn claims that scientific 
terms ordinarily ‘are introduced and thereafter deployed . . . [without] acquiring a list 
of criteria necessary and sufficient to determine the referents of the corresponding terms” 
(1979b, p. 409). The similarity is “‘inexplicit”’ (ibid.), and we have no €xplicit definition 
for the implicated terms. The same issue is addressed (though not with the same “refer- 
ence determination” terminology) in the 1969 papers, e.g. in 1974a, ET p. 312. —See 
Kamlah and Lorenzen 1967, p. 29. 

37. SSR, pp. 42, 43, 44, 1977b, ET p. 17; 1974a, ET pp. 307, 313; 1970b, p. 275; 
1970c, SSR pp. 190-191, 192, 194, 197; 1974b, p. 511; 1979b, p. 409. —We should here 
draw attention to a possible source of misunderstanding in Kuhn’s texts. Kuhn uses the 
word ‘‘criterion” in both narrow and broad senses. In the narrow sense, “‘criterion”’ 
refers to some defining trait; in this sense, those similarity relations in which Kuhn is most 
interested are without recourse to any criterion. In its broad sense, this term refers to 
some feature of relata whose status as either a defining conceptual feature or an empirical 
feature is indeterminate. In this sense, the perception of a given trait can count as a criterion 
for placing a problem situation in a given similarity class. See, for example, 1974a, ET 
p. 308; here both narrow and broad uses of “‘criterion”’ occur in one sentence: ‘‘his basic 
criterion [in the broad sense —P.H.] is a perception of similarity that is both logically 
and psychologically prior to any of the numerous criteria [in the narrow sense —P.H.] 
by which that same identification of similarity might have been made.”’ For uses of 
“criterion” in the broad sense, see e.g. 1964, ET p. 259; 1970c, SSR p. 197 n. 14; 1981, 
pp. 8, 18, 19, 20. Kuhn lays this source of possible misunderstanding to rest only in his 
1983a, pp. 685-686 n. 13, where he states ‘‘‘criteria’ is to be understood in a very broad 
sense, one that embraces whatever techniques, not all of them necessarily conscious, 
people do use in pinning words to the world. In particular, as used here, ‘criteria’ can 
certainly include similarity to paradigmatic examples.” For the same, broad use of “‘crite- 
rion,” q.v. Shapere 1977, n. 4. 
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blances,” in the late Wittgensteinian sense. In other words, elements 
of the similarity class are not similar in virtue of their sharing of one 
general characteristic. We are rather dealing with 


a complicated network of similarities overlapping and criss- 
crossing: sometimes overall similarities, sometimes similarities of 
detail.” 


In addition, such similarity classes turn out to be sets with fuzzy bound- 
aries.“ In other words, an immediate similarity relation doesn’t deter- 
mine membership in its similarity class for all conceivable cases, for all 
possible objects or situations. 

Since similarity relations hold within a phenomenal world, it might 
be asked whether they’re genetically object-sided or genetically subject- 
sided. Or, as Shapere puts the question to Kuhn, are similarity relations 
something that exists, and can be discovered, or are they something that 
has to be invented?*! Where Kuhn’s theory should be placed in the 
field spanned by such labels as “realism,” “idealism,” “subjectivism,”’ 
“relativism,” “conventionalism,” and ‘“‘nominalism” depends heavily 
on the answer to this question. 

To begin with, it is easy to show that the similarity relations to be 
learned can’t, for Kuhn, be purely genetically object-sided. If they 
were, they would stand in contradiction with central claims of Kuhn’s 
theory, depriving talk of the subject-sided constitution of phenomenal 
worlds, and thus the plurality-of-phenomenal-worlds thesis itself, of 
all meaning. Are similarity relations, then, purely genetically subject- 
sided?” Surely not, in the sense of complete obedience to the whim of 
a scientific community or even of an individual. Confronted with the 
disjunction between subject-sided and object-sided origins, Kuhn re- 
plies, 


In [a certain] sense, learning a similarity relationship is learning 
something about nature that there is to be found... . But in 
another sense the group does put them [the similarity relations] 
there (or finds them already there), and what I want most to resist 


38. SSR, p. 45; 1970a, ET pp. 285, 286 n. 35; 1974a, ET p. 312; 1970c, SSR p. 194; 
1979b, pp. 410-415; 1981, pp. 10, 20. 

39. Wittgenstein 1953, Part I, no. 66 (trans. G.E.M. Anscombe). 

40. This holds for Kuhn as well as for Wittgenstein; Wittgenstein 1953, Part I, no. 
71; Kuhn 1970a, ET pp. 285, 287 n. 37; 1974a, ET pp. 316-318 n. 21; 1983b, p. 715. 
—Cf. Kamlah and Lorenzen 1967, p. 47. 

41. Shapere in Kuhn 1974b, pp. 506-507. 

42. This would entail a “‘subjective-idealist”’ or “subjectivist” position of the kind 
attributed to Kuhn by Scheffler 1967, p. 19. 
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about the question is the implication that it must have a yes or 


no answer. oA 


This passage might be taken to imply that scientific communities are, 
in their free choice of similarity relations, constrained only by previous 
choices and not by genetically object-sided resistance. This, however, 
is not Kuhn’s view. Kuhn rejects it, without using the term “‘similarity 
relations,” in a passage of SSR we are not yet ready to interpret fully. 
Here he calls normal science “‘an attempt to force nature into the pre- 
formed and relatively inflexible box that the paradigm supplies.” But 
this attempt may fail, for ‘‘nature cannot be forced into an arbitrary set 
of conceptual boxes.”* This resistance of nature is also emphasized in 
positing the world-in-itself and in setting forth the stimulus ontology; 
the world-in-itself codetermines phenomenal worlds in virtue of its 
own proprietary features, and stimuli are similarly granted their own 
being and causally efficacious proprietary features.” It follows that the 
immediate similarity relations have both a genetically object-sided and 
a genetically subject-sided moment, though the two are inseparable.*” 
In SSR, the interaction of genetically object-sided and genetically 
subject-sided moments in scientific knowledge is described only in very 
general terms, without reference to similarity relations. Here Kuhn 
makes use of the opposition between (genetically object-sided) “‘obser- 
vation and experience” and a (genetically subject-sided) “element of 
arbitrariness”: 4 


Observation and experience can and must drastically restrict the 
range of admissible scientific belief, else there would be no sci- 


43. 1974b, p. 509, original emphasis. —Compare Goodman 1975, p. 22, and Putnam 
1981, p. 54. 

44. SSR, p. 24, emphasis mine; similarly pp. 5, 151-152; 1970a, ET pp. 270-271; 
1970b, pp. 260, 263; also 1961a, ET pp. 200-201. The “relatively inflexible box” is the 
conceptual system imposed by way of similarity relations and paradigm examples; see 

3.6. 

: 45. 1970b, p. 263; the entire passage from which this clause is taken emphasizes the 
resistance of nature. —In anticipation of the constitutive role of similarity relations in 
perception, to be discussed in § 3.5, we might also consider the following passage. 
Scientists sundered by a revolution “‘see different things when they look from the same 
point in the same direction. Again, that is not to say that they can see anything they 
please” (SSR, p. 150). Kuhn repeats this claim in his postscript: “To say that the members 
of different groups may have different stimuli is not to imply that they may have just 
any perceptions at all’ (1970c, SSR p. 195). 

46. Compare §§ 2.1.a, 2.2.b, and 2.2.c. 

47. This view of similarity relations differs from that of the “Edinburgh School” in 
the sociology of science, for whom similarity relations are genetically entirely subject- 
sided; see Barnes 1982, especially §§ 2.2. and 2.3. —See also Putnam 1981, p. 54. 


76 / Scientific Knowledge and Its Object 


ence. But they cannot alone determine a particular body of such 
belief. An apparently arbitrary element, compounded of personal 
and historical accident, is always a formative ingredient of the 
beliefs espoused by a given scientific community at a given time.” 


Kuhn’s conception of similarity relations as, in part, genetically 
object-sided is doubtless his reason for classifying his view as a realist 
position. Of both Popper and himself he claims, for example, 


we both insist that scientists may properly aim to invent theories 
that explain observed phenomena and that do so in terms of real 
objects, whatever the latter phrase may mean.” 


He also claims, analogously, of Boyd and himself that ‘‘we are both 
unregenerate realists,”°? though adding a qualifying disclaimer to the 
effect that he has not yet worked out the consequences of his realism. 
Boyd himself, however, describes Kuhn’s view as an antirealistic posi- 
tion, or, more precisely, as ‘‘constructivist antirealism,”’™! for it claims 
that 


the world that scientists study, in some robust sense must be 
defined or constituted by or “constructed” from the theoretical 
tradition in which the scientific community in question works.” 


In his most recent work, Kuhn admits that his position can’t be 
classed as unqualifiedly realist. On the contrary, it constitutes a “threat 
to realism,” since it insists that similarity relations contain a geneti- 
cally subject-sided moment and hence that a world constituted by such 


48. SSR, p. 4; similarly 1963b, p. 393. I take “apparently” in this passage to mean 
“obviously,” not “seemingly,” for Kuhn begins the two paragraphs following this passage 
with references to this “element of arbitrariness,’ whose presence is now taken for 
granted. See also SSR, p. 76, where Kuhn alludes to the well-known fact “that more 
than one theoretical construction can always be placed upon a given collection of data.” 

49. 1970a, ET p. 267. 

50. 1979b, p. 415. 

51. Boyd 1984, pp. 51-58. 

52. Boyd 1984, p. 52. —Hacking, by contrast, suggests that Kuhn’s position be 
characterized by means not of the opposition between idealism and realism, but rather of 
the older distinction between nominalism and realism, where Kuhn’s view is best described 
as “revolutionary nominalism” (Hacking 1984, p. 117; also Hacking 1983, pp. 108-111; 
his reasons will become clear when we discuss the constitutive role of immediate similar- 
ity relations in concept formation [§ 3.6] and in determining the characteristics of scien- 
tific revolutions [chap. 6]). One might reply to Hacking that Kuhn’s position ought to 
be placed between nominalism and realism, as the similarity relations of which concepts 
are constituted contain both genetically subject-sided and genetically object-sided mo- 
ments. 

53. 1989a, p. 23; 1990, p. 317 n. 21. 
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relations can’t be, as realism would have it, purely object-sided.** Kuhn 
puts off for a later date confronting the urgent problem that arises for 
the realist perspective from the presence of genetically subject-sided 
moments.”> 


3.3. Ostension 


The formation of immediate similarity relations, according to Kuhn, 
is a learning process in which ostension and its subspecies, ascription 
and exclusion, play a great role, hence a process containing not only 
linguistic moments but also an important extralinguistic moment.* 
Kuhn explains in detail the role played by ostension in learning similar- 
ity relations which hold between objects.*’ This learning process features 
an instructor and a pupil.°® In the presence of the pupil, the instructor 
ostends different members of a similarity class already established (for 
the instructor), ascribes them to the similarity class, and then ostends 
nonmembers of the similarity class and denies them membership. As- 
cription to and exclusion from a given similarity class does not proceed 
by listing defining features of the class, which would allow the pupil 
to recognize the similarity of individual members by reference to such 
defining characteristics. Instead, the class is identified by the mere pro- 
nouncement of its name. The pupil must thus learn the targeted similar- 
ity without any specification of the defining features of the similarity 
class, instead attempting to repeat the instructor’s procedure, receiving 
confirmation for correct ascriptions and exclusions and correction for 
wrong ascriptions and exclusions. As a matter of empirical fact, learn- 
ing immediate similarity relations in this way seems possible; that is, 
the pupil can form the same similarity class as the instructor without 
the help of mediating criteria to make the similarity explicit or furnish 
any definition of the similarity class.°” 


54. Or, in Kuhn’s own words, “the world itself must be somehow lexicon depen- 
dent” (1989a, p. 24). I will return to the notion of a lexicon in §§ 3.6.g and 4.4.a. 

55. 1989a, p. 24. 

56. Kuhn describes the process of ostension as “non-verbal or incompletely verbal,’’ 
“not fully linguistic,” or “non-linguistic” in 1970b, pp. 270, 271; similarly 1970c, SSR 
p. 191. The importance of ostension is emphasized in 1974a, ET p. 309, where Kuhn 
calls it a “primary pedagogic tool’’; similarly 1970a, ET p. 285; 1970b, p. 274; 1970c, 
SSR p. 193; 1974b, pp. 503-506; 1979b, pp. 411-414; 1983a, p. 680; 1989a, p. 16; 1990, 
p. 302. —See Kamlah and Lorenzen 1967, p. 27ff. 

57. 1974a, ET pp. 308-309; 1981, p. 20. 

58. I will return to the roles of instructor and pupil in the next section. 

59. 1974a, ET p. 309; 1979b, pp. 412-413. I will shortly return to discuss the condi- 
tions which must be met in order for such learning to occur. —See Kamlah and Lorenzen 
1967, p. 29. 
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Ostension also plays a decisive role in learning those immediate 
similarity relations that hold between problem situations, though here 
Kuhn’s view softens somewhat; 


the same technique [employed in learning immediate similarity 
relations between objects], if in a less pure form, is essential to 
the more abstract sciences as well. 


The process here is “‘ostension or some elaboration of it,’® for it 
should be obvious that simply extending one’s finger isn’t enough to 
refer to a problem situation.” In his latest work, Kuhn remarks that 
mere description may suffice to refer to a problem situation, without 
the actual physical presence of that situation.© 

Which objects or problem situations must be ostended in order for 
immediate similarity relations to be learned? This question is answered 
by paradigms (in a certain sense), which somehow constitute the fixed 
points in the net of similarity and difference relations at the heart of 
world constitution. But the notion of a paradigm and its development 
in Kuhn’s work requires thorough discussion, which would hold up 
our present analysis of world constitution. The discussion of paradigms 
as the objects of ostension must thus be put off until chapter 4. 

Kuhn operates under the assumption that there are such processes, 
not exclusively linguistic but rather, as we shall see in § 3.6, in a certain 
sense language-grounding, of ostension, ascription, and exclusion. 
These processes can be demonstrated, understood, and imitated.© This 
assumption is accepted by Kuhn as a fact, and it is explored with a 
view toward its functions and consequences; the fact itself, however, 
is given no further analysis. But such analysis is of importance to 
Kuhn’s theory in at least three respects. 


1. According to Kuhn, immediate similarity relations are formed 
not only in the domains of objects and problem situations but also in 
the domain of individual perceptions belonging to a single object.° 


60. 1974a, ET p. 313. 

61. 1970b, p. 271; similarly 1974b, p. 504; 1979b, pp. 413-414. 

62. 1 will further discuss such problems as affect even deictic reference to visible 
material objects later. 

63. 1989a, p. 16; 1990, p. 302. 

64. 1970a, ET pp. 284-285; 1970b, p. 271; 1974a, ET pp. 318-319. 

65. This point, according to Kuhn, is the locus of contention between his theory of 
science and Popper’s: “If Sir Karl and I have a fundamental philosophic dispute, it is 
about the relevance of this last mode of language-nature learning [by ostension] to the 
philosophy of science. . . . I believe he misses a central point, the one which led me to 
introduce the notion of paradigms in my Scientific Revolutions” (1970b, p. 271). 

66. This is particularly evident in 1981, p. 20. 

67. See § 3.2. 
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The example Kuhn uses to illustrate this point involves the individual 
perceptions of a mother by her child, whose world as yet contains no 
persons, conceived as persisting individuals. According to Kuhn, these 
individual perceptions are linked by immediate similarity relations to 
form perceptions of one and the same person.® This example addresses 
ontogenetically very early processes of object construction—in this 
case, the first construction of a person. But it’s hardly clear how osten- 
sion could be understood when the one who’s supposed to understand 
lives in a perceptual world containing, as yet, no discrete persons. For, 
in general, to understand an act of ostension presupposes perception of 
the ostending person and an understanding of that person’s intention. 
Precisely this condition isn’t met in the case at hand, where similarity 
relations have yet to construct discernable individual persons.” The 
role played by ostension in generating those similarity relations respon- 
sible for the ontogenetically early processes of person construction is 
thus opaque. 


2. The case just discussed makes it clear that in order to understand 
ostension, ascription, and exclusion a pupil must meet certain prerequi- 
sites. These divide into three groups. 

First, the pupil must be able to understand the instructor’s acts of 
reference as such. So, for example, when an extended finger is used to 
show the pupil something, the pupil must understand this gesture as 
pointing. If, instead, the pupil sees only the hand, registering only its 
physical motion, he or she must necessarily fail to appreciate an act of 
reference to that at which the finger is pointed.” 


68. 1970b, p. 274; 1970c, SSR p. 194. 

69. One tempting reply is that ostension, in this case, should be understood not as 
literally an act of pointing but rather as drawing the child’s attention by sounds and 
touch. The parallel to the other cases discussed above would then consist in the absence 
of any verbal presentation of defining characteristics on the part of the instructor. But 
how could the instructor then ascribe the relevant individual perceptions to the same 
similarity class? Is this part of the learning process really the product of instruction? 

70. See Friedmann 1981, p. 48. —According to Gieh] 1969, the ability to point is 
specifically human; indeed, human beings might even “‘be defined as the pointing crea- 
tures” (p. 53 [My translation. —A.T.L.]). If this is right, Holenstein’s explanation for 
the understanding of pointing is highly unsatisfactory: “It is conceivable, that a mere 
index finger can be understood immediately . . . by virtue of an indwelling tendency, 
longitudinal and unidirectionally attenuating, of objects to gesture beyond themselves 
toward some possible continuation” (Holenstein 1980, p. 23 [My translation. —A.T.L.]). 
Whatever this “tendency to gesture beyond” might be, if it were something “‘indwelling”’ 
in physical objects, understanding pointing would require no prior treatment of specifi- 
cally human traits. —Ontogenetically speaking, pointing appears to me to derive from 
grasping; on this issue, I’m in agreement with Holenstein. It begins with the infant’s 
grasping reflex. Next, things within reach are grasped under visual supervision. Finally, 
the child attempts to grasp objects beyond its reach, leaning and extending arm and 
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Second, such acts must be understood not just as reference but as 
reference to something in particular. This further understanding is 
clearly problematic even for pointing. At what is the extended finger 
pointing? What is the “end point” of this pointing?’! Mere pointing 
doesn’t determine whether what’s meant is some object, some view or 
attribute of the object, some group of objects or the relations between 
them, or simply the direction of pointing itself. Accordingly, Kuhn, 
in the example in which the similarity classes of swans, geese, and 
ducks are learned, presupposes that the pupil has already learned to 
recognize birds.” Pointing must evidently achieve closure by the prior 
determination of the domain out of which an act of pointing is to select 
something. But if understanding every act of pointing as an act of 
pointing to something in particular depends on the prior understanding 
of a domain specification, then the possibility of intelligible pointing 
must presuppose a mastery of the most general domain specification, 
which, for its part, can’t be learned by pointing. These most general 
domain specifications are categories, such as thing, attribute, relation, and 
the like. Kuhn must thus presuppose that both instructor and pupil 
understand a set of categories that in turn make particular acts of point- 
ing a possible means for learning immediate similarity relations. 

A third group of prerequisites emerges when we consider that 
objects and situations must be not only ostended but also ascribed to 
and excluded from the appropriate similarity classes. An understanding 
of ascription and exclusion presupposes that the pupil must, in some 
sense, already know what to look for: the similarity, in which the 
particulars coincide.” In addition, the pupil must also understand nega- 
tion in order to understand the exclusion of particulars from similarity 
classes. 


3. These prerequisites are interesting not just for what they say 
about the abilities a pupil must come with in order to learn immediate 
similarity relations by ostension, ascription, and exclusion. For the 
same prerequisites imply conditions that must be fulfilled by any phe- 
nomenal world, if it is to be constituted by this process of instruction. ”* 


hand. Intentionality toward the momentarily ungraspable object is now fully developed. 
If the actual desire to grasp is lacking, pointing remains. —My thanks go to Sarah 
Hoyningen-Huene for supplying empirical data on this topic. 

71. On this issue, see Wittgenstein 1953, no. 28ff. 

72. 1970a, ET p. 285; 1974a, ET p. 309. Learning the vocabulary of Newtonian 
mechanics presupposes, analogously, familiarity with certain other concepts: 1989a, pp. 
15-16, 1990, p. 302. 

73. This issue should be familiar from Plato: Phaedo 72e-77d, and Theaetetus 
184b-186¢. 

74, On this issue, see Kant, Critique of Pure Reason A158/B197. 


The Constitution of a Phenomenal World / 81 


This implication is most obvious when we consider the second 
group of prerequisites. Every phenomenal world must be ordered cate- 
gorically, for every act of pointing achieves closure only in virtue of a 
prior domain specification, which in turn presupposes the existence of 
a set of most general domain specifications, or categories, to sanction 
pointing. This condition shouldn’t be taken to imply that all phenome- 
nal worlds have the same categorial ordering, for though successful 
pointing allows us to infer the existence of some categorial ordering in 
a given phenomenal world, it doesn’t determine the particulars of this 
ordering. When we consider whether there’s a single, universal cate- 
gorial ordering for all phenomenal worlds or rather different possible 
categorial orderings for different phenomenal worlds, serious questions 
of justification arise. For in the former case we would have to ask, by 
recourse to what might the universality of a single categorial ordering 
be established, while the latter demands an account of how any given 
categorial ordering might be acquired. 

The first prerequisite for learning similarity relations by ostension, 
ascription, and exclusion required an ability on the part of the pupil to 
understand ostension per se. As far as phenomenal worlds are con- 
cerned, this amounts to the requirement that every phenomenal world 
contain people to ostend, ascribe, and exclude. But it’s hard to say what 
this requirement implies about the categorial ordering of phenomenal 
worlds. : 

The third group of prerequisites concerned the similarity classes to 
be formed. With regard to phenomenal worlds, it requires that every 
phenomenal world contain not only a global categorial ordering but, 
in addition, similarities and differences within each category, giving 
rise to more or less precisely determined classifications of the objects 
in the phenomenal world. 

So the aforementioned prerequisites lead to endogenous constraints on 
Kuhn’s plurality-of-phenomenal-worlds thesis. The conditions that must be 
met in order for a phenomenal world to be constituted by learning 
immediate similarity relations entail absolute limitations on the possible 
diversity of phenomenal worlds so constituted. All phenomenal worlds 
must necessarily have a categorial ordering, classifications within the 
categories, and evidence of alien intentionality. Kuhn’s theory leaves 
open whether the categories are universal and how they should be 
understood. 


3.4 Social Community 


As can be seen from the nonlinguistic nature of the ostension compo- 
nent in the learning of immediate similarity relations, the learning pro- 
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cess, far from being an autonomous activity of the pupil, requires an 
instructor.” Indeed, this strict, rigid learning process rests to a large 
degree on the authority of the instructor, an authority the instructor 
has by virtue of membership in the appropriate community. No alter- 
natives are even presented in the course of learning, let alone actually 
evaluated by either instructor or pupil.”° The instructor transmits those 
similarity relations already mastered by the members of a given social 
community. ‘Social community” might, in accordance with the uni- 
versal applicability of the learning process in producing phenomenal 
worlds, mean an entire culture, or smaller groups, all the way down 
to groups of scientific specialists consisting of fewer than twenty-five 
people.”” Such “educational, scientific, or linguistic’ communities are 
“relatively homogeneous,” which means just that their members oper- 
ate with essentially the same similarity relations.’* These similarity rela- 
tions are, in a sense, legitimated by their community,” which employs 
them over an extended period,® successfully.*! Learning the established 
similarity relations of a given group can be understood as part of the 
socialization process in which group membership is acquired.*” 

Here the scientific community emerges, as stated earlier,®’ as the 
agent of scientific activity. It is not the scientist, conceived as an indi- 
vidual, who has similarity relations at his disposal; they are rather the 
property or attribute of particular communities, and the individual has 
access to them only qua member of the community. To belong to a 
given community means, among other things, to have mastered the 
same similarity relations as other members of the community.** 


75. 1974a, ET p. 310. —This dependence on an instructor shouldn’t be taken to 
exclude the possibility that learned similarity relations might be productively transformed 
without supervision, as is done by the vanguard of a scientific revolution. —See Kamlah 
and Lorenzen 1967, p. 27. 

76. 1959a, ET pp. 227-230, 232, 237; SSR, pp. 5, 136-138, 165-166, 168-169; 
1963a, pp. 350-351; 1974a, ET p. 312; 1990, p. 314. 

77. 1970c, SSR pp. 181, 193. 

78. 1974a, ET p. 309; similarly 1970c, SSR p. 193. In those works in which the 
linguistic aspect of world constitution takes center stage, the community’s status as a 
linguistic community is naturally emphasized; see e.g. 1983a, p. 682; 1989a, pp. 14-15; 
1990, p. 302. 

79. 1974a, ET p. 306; 1970c, SSR p. 189; 1974b, p. 509. 

80. 1970a, ET p. 285; 1970c, SSR p. 189. 

81. We are not yet ready to explain what “‘successfully” means here, for we must 
first relate the function of similarity relations in scientific knowledge; see § 3.7. 

82. SSR, pp. 10-11; 1970a, ET p. 291; 1974a, ET p. 313; 1970b, p. 275; 1970c, SSR 
p. 191; 1989a, p. 15; 1990, p. 302. 

83. See § 1.1.b and chap. 3, introduction. 

84. E.g. 1974a, ET p. 305; 1970b, p. 273; 1970c, SSR p. 189; 1989a, p. 15; 1990, p. 
302. 
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3.5 Perception 


As stated above,® the role of perception in world constitution recedes 
in Kuhn’s work after 1969, without vanishing entirely. In this section 
we will thus primarily consider work completed up to 1969. After- 
wards, we will be in a position to consider how the motives for Kuhn’s 
perception theory reappear in the more linguistically oriented concep- 
tion of the phenomenal world of his later theory of concepts.® 

In order to understand why and how, according to Kuhn, immedi- 
ate similarity relations are coconstitutive of perception, we must first 
examine an important feature of perception. Every completed act of 
perception is characterized by an as-structure,*’ as manifested by a per- 
ceptual act which identifies an object as a particular individual or as a 
member of a particular natural family.** By the as-structure of percep- 
tion, a perceptual act can’t count as completed if its object hasn’t been 
identified as some particular object. We recall that, for Kuhn, “object” 
should be taken in a broad sense, not in the narrow sense of “material 
thing”;® attributes of material things can also be objects of perception. 
The appeal of the as-structure thesis should now be clear, for an at- 
tempted perceptual act which results in complete indeterminacy, in no 
identification of its object as something, must be taken as a failure, an 
incomplete perceptual act. To complete a perception thus means to 
identify an object, by means of the senses, as some object in particular, 
either as a particular individual object or as a member of some particular 
kind of objects. 

One possible misunderstanding should be preempted here. When 
we say that perception is characterized by an as-structure, we don’t 
mean, taking visual perception as an example, that perception involves 
seeing something, as something,; “‘Scientists do not see something as 


85. See § 2.3. 

86. See § 3.6.d. 

87. The term “‘as-structure” is taken from Heidegger 1927, § 32, p. 149, on grounds 
of the substantive parallels between Kuhn’s theory of perception and Heidegger’s expla- 
nation of “understanding the world.’’ —For other parallels (and differences) between 
Kuhn and Heidegger, see Rouse 1981. 

88. Kuhn never explicitly formulates the thesis of the as-structure of perception, 
though he implicitly assumes it. This assumption is most clearly expressed in 1970c, 
SSR pp. 193-194: “One of the fundamental techniques by which the members of a 
group . . . learn to see the same things when confronted with the same stimuli is by 
being shown examples of situations that their predecessors in the group have already 
learned to see as like each other and as different from other sorts of situations” (emphasis 
mine). 

89. Compare § 2.2.a. 
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something else; instead, they simply see it.”’*° Kuhn is here rejecting a 
view of perception, suggested by the analogy to perceptual change in 
gestalt shift experiments, on which visual perception consists in seeing 
something, as something). In that case, perception would involve, in 
a certain sense,”! the interpretation of some sensually given something), 
with something, as its product—just as the actual sensually given in 
gestalt shift experiments is a set of lines, which can be seen as different 
figures. But the something, that, allegedly, constitutes the “actual sen- 
sually given” is, in truth, not perceptually accessible. Only objects (in the 
broad sense), that is, something», are perceptually accessible, and they 
must be our starting point in attempts to find out anything about 
something,. Access to something, can be gained, if at all, only through 
scientific theories.” In order to avoid this misunderstanding, we might 
describe the as-structure of perception as a nonrelational as-structure.”* 

Now, according to Kuhn’s plurality-of-phenomenal-worlds thesis, 
object perception in a given external situation isn’t fixed by the situa- 
tion alone. But by the as-structure of perception, a completed percep- 
tion consists in the unequivocal, sensually mediated identification of an 
object as some particular object. It follows that the purely object-sided 
components of perception, which fail to determine unequivocally the 
product of any perceptual act, must be supplemented by the genetically 
subject-sided components furnished by learned similarity relations.” It 
is by means of the latter that an act of perception identifies the perceived 
object as sufficiently similar to some previously known individual ob- 
ject or to the members of some previously known natural family.” 
This process of ascription occurs immediately, according to Kuhn, in 
the sense that it isn’t mediated by reference to any defining characteris- 


90. SSR, p. 85; similarly 1979c, p. ix. 

91. I will return to this certain sense later. 

92. See SSR, p. 129; 1974a, ET p. 308; 1970c, SSR p. 196; 1974b, p. 509. 

93. See Heidegger 1927, p. 149ff. 

94. We should here recall that similarity relations aren’t purely genetically subject- 
sided but also genetically subject-sided; see § 3.2. 

95. In SSR, this doctrine is formulated without any explicit reference to similarity 
relations but instead by reference to paradigms and visual-conceptual experience: ““some- 
thing like a paradigm is prerequisite to perception itself. What a man sees depends both 
upon what he looks at and also upon what his previous visual-conceptual experience has 
taught him to see. In the absence of such training there can only be, in William James’s 
phrase, ‘a bloomin’ buzzin’ confusion’” (SSR, p. 113). Kuhn makes a similar claim in 
1964, ET p. 263 n. 33, with reference to Hanson as before. The coconstitution of percep- 
tion by similarity relations is stipulated, for example, at 1970b, p. 274: “Until we have 
acquired them [the similarity relations], we do not see a world at all.” Kuhn’s theory of 
perception is presented in greatest detail in 1970c, SSR pp. 192-196; on p. 196 he asserts 
that he is dealing with a “hypothesis about vision.” 
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tics of the particular object or group of objects.”° Learned similarity 
relations can thus also explain why, despite the plurality of phenomenal 
worlds, unequivocal perception of objects occurs. 

In order to explain how it is that learned similarity relations are, 
without recourse to the defining characteristics of similarity classes, 
coconstitutive of perception, Kuhn employs a metaphor borrowed 
from computer science.”’ The basic idea is that of some programmable 
and reprogrammable neural apparatus, situated between the organs that 
receive perceptual stimuli and perception itself, that is responsible for 
processing perceptual stimuli into actual object perceptions. Learning 
similarity relations can be understood as a way of programming, or 
reprogramming, this neural apparatus. The program, which steers the 
transformation of stimuli into perceptions, groups perceptions belong- 
ing to one similarity class closer together in perceptual space relative 
to their distance from members of other similarity classes. As a result, 
the members of a similarity class are seen as similar to one another 
and as dissimilar to members of other similarity classes. The program 
achieves this differential assignment of relative distances in perceptual 
space by accentuating certain of the objects’ qualities while dampening 
others;”® qualities specific to similarity classes are accentuated, qualities 
specific to differences within similarity classes are dampened. The 
learning process doesn’t tell the program which qualities should be ac- 
centuated in perceptual space as specific to similarity classes; all that’s 
told the program is that certain exemplary objects should be classed as 
similar or dissimilar. How, precisely, the program organizes perceptual 
space so as to reproduce the given similarities and dissimilarities doesn’t 
matter, so long as it reproduces them. The program neither makes use 
of the defining qualities of similarity classes nor produces them; instead, 
it makes use of given similarities and dissimilarities and produces an 
accentuation of certain qualities of similarity classes, without thereby 


96. The aforementioned immediacy of ascription to a similarity class doesn’t rule out 
the possibility of discovering defining characteristics for the class affer it’s been formed. 
The claim is simply that such characteristics aren’t constitutive of class formation and 
hence aren’t constitutive of perception either. Successful acts of perception, whose com- 
pletion rests on immediate similarity relations, are rather a prerequisite for the discovery 
of such characteristics. In order to discover the defining characteristics of a similarity 
class, one must first have learned to see its members as similar to one another (1970c, 
SSR pp. 194-195; also SSR p. 122; 1970b, p. 274; 1974a, ET p. 308; 1974b, p. 511). 
But see § 3.6.f. 

97. For the following, see 1974a, ET pp. 308-312; 1970b, p. 276; 1970c, SSR pp. 
194-197, 201, 204; 1974b, p. 511. 

98. See SSR p. 125, for an early discussion of the highlighting of qualities in percep- 
tual space. 
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designating them defining qualities and thus distinguishing them from 
merely empirical qualities. 

Successful mastery of perceptually relevant similarity relations thus 
depends on the program’s ability to organize perceptual space in such 
a way that members of the specified similarity classes cluster together, 
while keeping their distance from other such clusters.”” Whether the 
program is successful in this surely depends in part on the program 
itself. But Kuhn further insists that the kind of stimuli plays a role: 


In a universe of random stimuli, no processing will create data 
clusters that endure, for the next stimulus is as likely to fall in 


empty space as in a cluster. '°° 


Still, we can never know what the ‘‘nonrandom”’ distribution of 
purely object-sided stimuli is actually like. According to Kuhn, from 
the fact that perceptual space contains enduring natural families, we can 
conclude, and must conclude, that the purely object-sided is also differ- 
entiated.'*! But as our access to the object-sided as such is blocked, any 
statements made about it from the scientific standpoint must necessarily 
import genetically subject-sided moments.’ 

This account of the transformation of perceptual stimuli to percep- 
tions raises a series of questions. First, the notion of a purely material 
mediation between stimuli and perceptions by the nervous system 
seems to suppress the urgent philosophical problem of the transition 
from the purely material sphere of stimuli to the sphere of conscious- 
ness.'° Second, one might ask whether the account proffered accords 
with findings in the relevant special sciences. Third, one might ask 
what it means for Kuhn’s characterization of the transformation of 
perceptual stimuli into perceptions by a computer-like, programmable 
nervous system to contain such a strong metaphorical component, 
though the account is meant literally. 

These questions are intrinsically interesting, but we may safely 
ignore them. For what matters to Kuhn, above all, is that similarity 
relations are coconstitutive of perception without any mediating influ- 
ence from the defining characteristics of their relata. This emphasis 
emerges from the following, primarily negative description of percep- 
tion. For Kuhn asserts that we shouldn’t attempt “to analyze perception 


99. 1974a, ET p. 312 n. 20; also 1970a, ET p. 286 n. 35; 1974a, ET p. 318 n. 21; 
1970c, SSR p. 197 n. 14. 

100. 1974b, p. 509. 

101. Compare § 3.2. 

102. Compare § 2.2.a. 

103. See Dreyfus 1979, especially chap. IV. 
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as an interpretive process, as an unconscious version of what we do 
after we have perceived.”'™ In his own view, this claim sets Kuhn 
apart from the received epistemological tradition which began with 
Descartes.'® In speaking of a change in one’s perception of an object, 
for example, Kuhn would describe a change in perception itself— 
contingent on a change in similarity relations constitutive of percep- 
tion—whereas the received tradition would describe a change in the 
interpretation of the sensually given, that which all normal observers 
observe in an identical manner. ' 

In order to understand Kuhn’s goal, we must first ask what “‘inter- 
pretation” means here.'”’ The following features of the relation ‘“‘some- 
thing, interprets something,” may be extracted from Kuhn’s texts: 


1. Something,, that which is to be interpreted, is fixed vis-i-vis the 
process of interpretation and its product.'% 

2. Something;, that which is to be interpreted, is accessible not only 
as a whole but also in pieces. ' 

3. The process of interpretation is itself a “deliberative process by 
which we choose among alternatives” and seek and apply “rules and 
criteria. ’1! 

4. Something), the product of the process of interpretation, is linked 
“logically or piecemeal” to something,.'" 


All of these features of interpretation fail, according, to Kuhn, to 
apply to perception.!'? For what, for purposes of perception, would be 
the something, which remains fixed with regard to different possible 
interpretations (feature 1)? It certainly couldn’t be anything immedi- 
ately given in perception, if we follow Kuhn’s perceptual theory. For 
the immediate product of acts of perception is object identification, and 
since this identification depends on learned similarity relations, it isn’t 
fixed in the desired sense. The fruitlessness of all attempts to date to 


104. 1970c, SSR p. 195; similarly 1979c, p. ix. 

105. SSR, pp. 121, 126; 1970c, SSR p. 195. —Compare § 2.1.b. 

106. SSR, p. 120. 

107. The notion of interpretation to be explicated here doesn’t necessarily coincide 
with the notion of text interpretation, since Kuhn models his use of language on that of 
scientists, who speak of the interpretation of observations, experimental results, and the 
like. On this issue, see citations in the footnotes which follow. 

108. “Fixed”: SSR, pp. 120, 122, 126, 128; ‘‘stable”: SSR, pp. 121, 125; “unequivo- 
cal”: SSR, p. 126. 

109. “Piecemeal”: SSR, p. 123; “individual”: SSR, p. 121. 

110. 1970c, SSR pp. 194, 195; similarly 1974b, p. 511. 

111. SSR, p. 123. 

112. For the following discussion, see SSR pp. 120-129; 1970c, SSR pp. 194-195; 
1974b, p. 511. 
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construct pure observation languages, designed to articulate that do- 
main of perception claimed to be entirely free from theory, hence inde- 
pendent of subject-sided variation, is further evidence for this point. 
Accordingly, different modes of perception can’t be characterized as 
differently linked, as wholes or piecemeal, with elementary perceptual 
data, either (features 2 and 4). Changes in perceptual mode are rather 
comparable to gestalt shifts, in which the perceived is transformed as 
a whole. Finally, different modes of perception can’t be adequately 
understood as resulting from a change in the rules or criteria employed 
within them (feature 3). Applying the terms “‘rule’’ and “‘criteria” to 
perception suggests that we have such freedoms as the freedom to 
break a rule, to misapply a criterion, or to experiment with alternative 
rules or criteria. But this suggestion doesn’t do justice to the experien- 
tial quality of perceptual acts, on the grounds that completed perceptual 
acts usually don’t allow their potentially variable subject-sided mo- 
ments to rise to the conscious level. Instead, the product of a perceptual 
act appears fully determined by the perceived object. Perception tells 
us, so to speak, the following: because the object is one particular ob- 
ject, so it gives rise to one particular perception.''? In addition, ac- 
cording to Kuhn’s theory, perception doesn’t work with rules and 
criteria conceived as defining characteristics of the perceived objects 
but rather works with similarity classes given by exemplars. 

Yet Kuhn by no means wishes to deny that interpretation of obser- 
vations and data plays a central role in science.’ Certainly such obser- 
vations and data are, in science, evaluated or examined (for some ex- 
pected feature, for example) by means of general criteria or rules 
(feature 3). But this activity factually and temporally presupposes deter- 
minate perceptions and is further distinguished from perceptual pro- 
cesses by both means and ends. 

Two additional aspects of Kuhn’s theory of perception still demand 
exposition. 


1. Immediate similarity relations are, according to Kuhn, coconsti- 
tutive of perception; without them one could have no particular percep- 
tions, hence no perceptions at all. This thesis, however, contradicts 
itself unless properly relativized, for the learning process in which simi- 
larity relations are mastered, as Kuhn has it, is itself dependent on the 
completion of certain perceptions. For example, in order for some 
individual object to be constructed by the immediate similarity rela- 
tions holding between individual visual perceptions, these perceptions 


113. As suggested by the German word for perception, “Wahrnehmung,”’ which de- 
composes into “wahr-” (“true”) and “-nehmung”’ (“taking”’). 
114. SSR, p. 122; 1970c, SSR pp. 194-195, 197-198. 
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must already be sufficiently determinate. Similarly, the auditory per- 
ception of the names of similarity classes must be sufficiently differenti- 
ated, in order for such names to be identified and recognized when 
heard.''° It follows that not every perception is coconstituted by learned 
immediate similarity relations. There must rather be a certain domain 
of perceptions, entirely unlearned, that sanctions the learning of imme- 
diate similarity relations in the first place. Learning different modes of 
perception is possible only if this domain of unlearned perceptions is 
presupposed. How this domain should be characterized is, at least in 
part, an empirical question beyond the scope of our present inquiry. !!° 
What is of interest, however, is the fact that the existence of such a 
domain entails a further endogenous constraint on Kuhn’s plurality-of- 
phenomenal-worlds thesis, though the precise nature of this constraint 
can’t be determined here. |!” 


2. We must now ask how Kuhn justifies the central tenet of his 
theory of perception, which stipulates that those similarity classes 
which are coconstitutive of perception aren’t formed with the help 
of any defining characteristics of their members. In addition to the 
“plausibility” Kuhn claims on behalf of his theory of perception,!!’ and 
such indirect support as it gains by avoiding the weaknesses of the 
interpretation theory of perception, Kuhn employs two further strat- 
egies. 

For one, computer simulations allow us to model the two methods 
for forming perceptually relevant similarity classes and then to evaluate 
their relative similarity to actual processes of perception. The first sim- 
ulation involves a program for transforming perceptual stimuli into 
perceptions, in which clustering of perceptual space is accomplished by 
given transformation rules. In the second case, the program is given, 
instead of transformation rules, a desired clustering of simulated per- 
ceptual space, analogous to the set of similarity classes formed in an 
actual learning process; the program’s task is thus to form its own 
adequate transformations. Though Kuhn himself attempted computer 
simulations,'!? he apparently never got beyond “‘the early stages of 


115. See Holenstein 1980, p. 19, and Eimas 1985. 

116. On this issue, see Holenstein 1980, in which references to relevant empirical 
literature are given. 

117. Compare § 3.3. —This strategy is the same as that employed in Mandelbaum 
1979, especially p. 403. Unfortunately, I only became aware of Mandelbaum’s essay 
shortly before this book went to press. 

118. 1974a, ET p. 309. 

119. The most detailed reports of this experience are found at 1974a, ET p. 310, and 
1970b, pp. 274-275. The simulation is mentioned in 1969b, p. 944; 1970c, SSR pp. 
191-192 and 197; 1974b, pp. 508-509 and 511. 
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such an experiment’’;!”° at least he never published anything beyond 


the rough description of his proposed simulation. 

Another strategy suggests that Kuhn’s is a “hypothesis about vision 
which should be subject to experimental investigation though probably 
not to direct check.’’!”! But, to be sure, Kuhn doesn’t place great stock 
in the prospects for this kind of scientific confirmation, his reservations 
in this regard perhaps being one factor leading to his shift toward a 
more linguistically, rather than perceptually, oriented conception of the 
phenomenal world.'” For, says Kuhn, “translation,” the examination 
of a particular relationship between languages, 


may... provide points of entry for the neural reprogramming 
that, however, inscrutable at this time, must underlie conver- 


sion. 73 


As we shall see, Kuhn’s linguistically oriented conception of the phe- 
nomenal world better fulfills the intention which motivated his theory 
of perception and in doing so avoids the latter theory’s problems of 
justification.’ 


3.6 Empirical Concepts 
a. Preliminary Remarks 


Before explaining Kuhn’s theory of the role of immediate similarity 
relations in learning empirical concepts, I must make three preliminary 
remarks. 

First, Kuhn only begins explicitly to work out the role of immedi- 
ate similarity relations in learning empirical concepts in his essay “Logic 
of Discovery or Psychology of Research?” (1970a). What SSR merely 
hinted at is now extracted from its close association with other issues 
and explicated by means of immediate similarity relations. These ef- 
forts also mark the beginning of Kuhn’s distancing himself from a 
traditional concept of meaning. As Kuhn’s theory about the learning 
of empirical concepts is unintelligible without a grasp of his view on the 
concept of meaning, we must begin by considering the development of 
this view. 


120. 1974a, ET p. 310. 

121. 1970c, SSR p. 196. 

122. Compare § 2.3. 

123. 1970c, SSR p. 204; for the notion of conversion, see § 7.5.e. 
124. See § 3.6, especially 3.6.d. 
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In SSR, Kuhn uses “meaning” colloquially, without making an 
issue of the term. Concepts and words have meanings, meanings which 
determine both what belongs to a concept’s extension and what 
doesn’t, and also what elements of this extension are like.'% But still— 
and here we find the germ of Kuhn’s departure from the traditional 
theory of meaning—meanings generally aren’t, in scientific practice, 
fully specified by definitions. For when, in science, an empirical con- 
cept is explicated at all, the result generally isn’t a complete definition 
capable of determining how the concept should be used in a given 
community. This form of explication rather serves an auxiliary func- 
tion, especially of the pedagogical variety; the meaning of an empirical 
concept is fully realized only through the concept’s relationships with 
other concepts and practical procedures and through its use in applying 
theories. '*° The unequivocal use of empirical concepts in the scientific 
practice of a given community is guaranteed by other means than ex- 
plicit definition. 

A further reason, implicitly given in SSR, for the absence in scien- 
tific practice of definitions of empirical concepts is developed after 
1962.'?7 In general, so this line goes, an empirical concept can’t in princi- 
ple be given an explicit definition sufficient to determine the concept’s 
application in all conceivable cases.'*° This fact shouldn’t be attributed 
to any vagueness in the meanings of empirical concepts, to some deficit 
in specificity. The meanings of empirical concepts are rather not the 
sorts of things susceptible to explication by sets of necessary and suffi- 
cient conditions determining their application. Furthermore, the argu- 
ment proceeds, neither he, Kuhn, nor anyone else, could ever go be- 
yond this negative claim to state positively what exactly should be 
understood by “‘meaning.’’!”? Thus, in his work since 1962, Kuhn has 
often avoided the word “meaning,” replacing it with more or less 
vague expressions, as in the “conditions of applicability” of terms, 
“criteria which govern their use,”’ and the like.°° Such manners of 
speaking are legitimated by the fact that, in its present state, the re- 
ceived theory of meaning can’t offer any tangible distinction between 
a word’s meaning and its mode of use, anyway.’ 


125. This follows indirectly from Kuhn’s discussion of meaning change in SSR; see 
especially SSR, pp. 101-102, 128-129, 149-150. 

126. SSR, pp. 46-47, 141-143. 

127. SSR, chap. 5; on this issue, see § 4.1. 

128. See § 3.6.f. 

129. 1974b, pp. 506, 516. 

130. E.g. 1964, ET pp. 259, 260; 1974a, ET p. 316; 1970b, p. 266; 1970c, SSR pp. 
188, 198. 

131. 1970b, p. 266 n. 2. 
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It follows from his approach to meaning that we shouldn’t expect 
Kuhn’s exposition of the role played by similarity relations in the learn- 
ing of empirical concepts to treat them as constitutive of meaning in the 
traditional sense, meaning which might be explicated in a definition. 
Nonetheless, in the subsection which follows, 3.6.b, I will begin with 
Kuhn’s theory of the learning of empirical concepts without first can- 
vassing what change is in store for the concept of meaning. This ap- 
proach accords with the development of Kuhn’s thought; the articula- 
tion of his views on the learning of empirical concepts began without 
any reflection on the concept of meaning, and such consequences as 
these views had for the concept of meaning were drawn only over the 
course of his learning theory’s further development. 

Second, Kuhn’s theory of the learning of empirical concepts pre- 
supposes a distinction that, despite the cogency of its purpose, has 
proved very difficult to articulate within analytic philosophy of science. 
This distinction, initially, separated “‘theoretical’’ from ‘‘observational”’ 
concepts. Observational concepts were meant to refer, free of all the- 
ory, to the pure sensually given, while theoretical concepts were to 
acquire their meanings exclusively through correspondence rules link- 
ing them with the already meaningful observational terms.'°? Kuhn 
was always critical of this particular articulation of the desired distinc- 
tion. Indeed, he saw in the “artificiality [of the distinction between 
fact and theory] . . . an important clue to several of [SSR’s] main 
theses,”’'** and thus to his philosophy of science. Nonetheless, Kuhn 
never denied the legitimacy of this articulation’s purpose, insofar as this 
was to draw attention to the fact that science addresses itself not only 
to things accessible to the unaided (if not untrained) eye but also to 
things not immediately visible, the scientific treatment of which thus 
requires some sort of contribution by scientific laws or theories. 

In SSR, reliance on this distinction is usually masked by the fluid 
transition from the literal use of “to see” to a metaphorical use, which 
Kuhn explicitly acknowledges in SSR only by hinting at an ‘“‘extended 
use of ‘perception’ and ‘seeing.’’’'*> Since 1969, Kuhn’s work has made 
explicit use of the distinction,'*° and we find him speaking of “basic” 


132. On this issue, see e.g. Stegmiiller 1970, part C; Suppe 1974, pp. 66-109. 

133. SSR, pp. 7, 52-53, 66; 1962d, ET p. 171; 1970a, ET p. 267; 1974a, ET pp. 
300, 302 n. 11; 1974b, p. 505; 1979b, p. 410. 

134. SSR, p. 52. 

135. SSR, p. 117. —In later work, Kuhn increasingly distances himself from this 
smooth transition between literal and metaphorical uses of ‘seeing’ (1964, ET p. 263 n. 
33; 1970c, SSR pp. 196-198; 1983a, p. 669), in part because this gloss implicitly equates 
scientific revolutions with visual gestalt shifts (1983a, p. 669), an equation Kuhn later 
criticizes; see Kuhn 19896, p. 50; see § 6.2. 

136. See especially 1974a and 1979b. 
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and “‘theoretical’’ concepts, and of “theoretical” or “unobservable” en- 
tities.'°7 Of course, Kuhn doesn’t mean his observational and theoreti- 
cal concepts to be those implicated in the rejected formulation of the 
distinction, but rather those corresponding, on the one hand, to “terms 
that are ordinarily applied by direct inspection,” and on the other, to 
terms where “laws and theories also enter into the establishment of 
reference.” °8 But Kuhn has reservations about this distinction, too, 
though he doesn’t tell us why.!*? 

So in what follows I will not make use of any distinction between 
theoretical and observational concepts, preferring the distinction, made 
in Kuhn’s texts, between different ways of learning concepts. Although 
some empirical concepts are learned while employing laws or theories, 
such that these laws or theories play a role in learning to use the con- 
cepts, the use of other concepts is learned by “direct” perception of the 
objects to which they apply or fail to apply.” It is questionable 
whether this distinction between different ways of learning concepts 
corresponds to any (more or less fluid) distinction between two classes 
of empirical concepts, for presumably some empirical concepts can be 
used both in applying theory and in direct perception. '! 

Third, our discussion in this section must be sensitive to Kuhn’s 
shift from a more perceptually oriented conception of the phenomenal 
world to a more linguistically oriented conception.” Such care is espe- 
cially called for in treating those ways of learning empirical concepts 
in which no use is made of laws or theories. Accordingly, I will discuss 
the two approaches to these ways of learning concepts, which corre- 
spond to the two phases in the development of Kuhn’s theory, sepa- 


rately (§§ 3.6.b and 3.6.c) and then consider the relationship between 


the two conceptions (§ 3.6.d). A discussion of concept learning by 
application of laws or theories sensitive to the differences between the 
two conceptions isn’t necessary, however, for Kuhn’s treatment of this 
issue doesn’t change after 1979 (§ 3.6.e). Next, I will consider the 
doctrine of the impossibility of defining empirical concepts explicitly 
(§ 3.6.£), which is of central importance to Kuhn’s theory of scientific 
development and which has consequences for his theory of meaning as 
it applies to empirical concepts (§ 3.6.g). 


137, E.g. 1974a, ET pp. 300, 302 n. 11; 1970c, SSR pp. 196, 197 n. 14; 1977c, ET 
p. 338. 

138. 1979b, p. 412. 

139. 1979b, p. 410; q.v. 1981, pp. 21-22 n. 2. 

140. Of course, this shouldn’t be taken to imply that the latter sort of concept refers 
to the purely factual. 

141. 1976b, pp. 186-187. 

142. Compare § 2.3. 
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b. Concept Learning without Use of Laws or Theories in 
Kuhn’s Work up to 1969 


On the perceptually oriented conception of the phenomenal world, 
concept learning in which no use is made of laws or theories is an 
immediate consequence of Kuhn’s theory of perception. Learning those 
immediate similarity relations that are coconstitutive of perception 
leads directly to learning certain empirical concepts.'* The extension 
of such a concept is just a set of objects located sufficiently close to one 
another in perceptual space to be perceived as similar to one another. If 
someone learns a similarity relation constitutive of perception, together 
with the requisite dissimilarity relations and an appropriate concept 
name, that person can then apply or refuse to apply this concept to 
objects in the same way as other members of his or her community; 
his or her “correct” application of the concept is learned. The unprob- 
lematic use and transmission of such concepts within a community 
evidently depends, not on learning definitions, but only on the ability 
to master the basic immediate similarity relations; it must be possible 
to see the relata of these relations as similar. The meanings (whatever 
they might be) of such concepts can thus be located, at least preliminar- 
ily, in similarity relations, not in definitions. 

The dependence of successful concept use in a community on suc- 
cessful object perception seduces Kuhn, in SSR, into manners of speak- 
ing seemingly at odds with his theory of perception. Thus Kuhn asks, 
with Wittgenstein, 


What need we know .. . in order that we apply terms like ‘chair,’ 
or ‘leaf,’ or ‘game’ unequivocally and without provoking argu- 
ment [from other members of our community]?! 


This question has both a negative thrust, the rejection of defining char- 
acteristics as a necessary condition for unequivocal use of terms within 
a linguistic community, and a positive thrust, toward Wittgensteinian 
family resemblances. But Kuhn wishes to go beyond Wittgenstein, and 
he writes in his footnote to the sentence cited above: 


Wittgenstein, however, says almost nothing about the sort of 
world necessary to support the naming procedure he outlines. !*° 


So what is ‘“‘the sort of world necessary” for this purpose? According 
to Kuhn, this would be the kind of world in which 


143. 1970a, ET pp. 284-286; 1974a, ET pp. 309-318; 1970b, pp. 274-275. 
144. SSR, pp. 44—45. 
145. SSR, p. 45 n. 2. 
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the families we named [never] overlapped and merged gradually 
into one another—only, that is, if there were . . . natural fam- 
ilies." 

“World” can only refer here to some world accessible to language 
users, or, as Kuhn explicitly remarks in later passages, a phenomenal 


world: 


The possibility of immediate recognition of the members of natu- 
ral families depends upon the existence, after neural processing, of 
empty perceptual space between the families to be discriminated. '*’ 


In such passages Kuhn speaks as though a particular kind of perceptual 
world, one in which there are discrete natural families, were a necessary 
condition for the possibility of a naming procedure which does its job 
without the help of the defining characteristics of its objects. But this 
intimation is at odds with other passages, as when Kuhn claims that 
the 


learned similarity-dissimilarity relationships . . . are parts of a 
language-conditioned or language-correlated way of seeing the 
world. Until we have acquired them, we do not see a world at 
all.'* 


Here the converse dependence is apparently asserted, that the “way of 
seeing the world” is importantly contingent on language. + 

But this apparent contradiction is easily resolved, once the scope 
of the opposing claims is appropriately narrowed.'* Learned language 
surely can’t be taken as an unqualified necessary condition for all per- 
ceptions, because language learning is itself dependent on a certain 
domain of prelinguistic perceptions. But nothing rules out the possibil- 
ity that bits of language based on this domain of perceptions might 
differentiate and transform it, in turn giving rise for further differentia- 
tion and transformation of those initial bits of language. The relation- 
ship between language and perception thus shouldn’t be thought of as 
either sort of unidirectional dependence but should rather be construed 
as a dialectical process of differentiation and transformation. 

Motivated by the need to discern more precisely the endogenous 
constraints on Kuhn’s plurality-of-phenomenal-worlds thesis, we must 


146. SSR, p. 45. 

147. 1970c, SSR p. 197 n. 14, emphasis mine; similarly 1970a, ET p. 286 n. 35; 
1974a, ET p. 312 n. 20 and p. 318 n. 21. 

148. 1970b, p. 274; compare § 3.5. 

149. Compare this with our qualification of similarity relations’ claim to be coconsti- 
tutive of perception, in § 3.5. 
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now ask under what conditions this process can be set in motion.!°° 


The process surely begins with perception, but we must better deter- 
mine the precise perceptual capacities which make language acquisition 
possible. Two kinds of prerequisite perceptual capacity can be distin- 
guished. For one, certain sensory powers of discrimination must be 
fully developed, especially in the visual and auditory domains.'*! In 
addition, the capacity to process sense impressions in certain ways must 
be fully developed, so that these sense impressions don’t relate ‘‘solely 
to the subject as the modification of its state’’** but may rather be taken 
as a counterpart (however described) of the perceiver.'° For empirical 
concepts are to refer to things which act as common, perceivable coun- 
terparts for many observers, and subject-sided sense impressions must 
thus have been processed into object perceptions. What matters here 
isn’t the possibility that different observers might, in accordance with 
the plurality-of-phenomenal-worlds thesis, see different objects in the 
same perceptual situation, but rather the fact that they all see some 
perceptual counterpart, some object.* 

These two perceptual capacities, prerequisites for the process of 
acquiring empirical concepts, result in, among other effects, certain 
constraints being placed on any phenomenal world constituted by 
means of such empirical concepts. For one, such a phenomenal world 
must necessarily exhibit sensually discernable distinctions; a similar 
constraint emerged from our analyses of ostension and perception. 
Those constraints entailed by the fact that every phenomenal world is 
a world of objects, however, are a great deal more difficult to sketch, 
let alone actually to pin down. Kant’s doctrine of transcendentally 
grounded synthetic a priori propositions is an attempt to explicate these 
constraints,'°° though for Kant only one possible phenomenal world, 
that of Newtonian physics, was ever at issue. To repeat Kant’s analysis 
under the altered conditions of Kuhn’s theory would go beyond the 
scope of this work. We should keep in mind, however, that the mere 
fact that observational concepts refer to objects is yet a further source 


* Translator’s note: This discussion makes use of the etymology of the German word 
for object, “Gegenstand,” which, decomposed, suggests “that which stands opposite’: a 
counterpart, 

150. Compare §§ 3.3 and 3.5. 

151. See Quine 1960, sections 17 and 18. 

152. Kant, Critique of Pure Reason A320/B376 [Kemp Smith, p. 314). 

153. Iam here assuming that a phenomenal world is a world of objects. If the concept 
of a phenomenal world is relaxed such that this condition no longer holds, the argument 
which follows ceases to apply. 

154. Compare §§ 3.3 and 3.5. 

155. On this issue, see Heidegger 1962. 
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of endogenous constraints on Kuhn’s plurality-of-phenomenal-worlds 
thesis. 


c. Concept Learning without Use of Laws or Theories in 
Kuhn’s Work after 1969 


By 1969, Kuhn was fully aware of the need to move beyond his merely 
negative, and hence unsatisfactory, characterization of the concept of 
meaning for empirical concepts.'* And so he admits, in the discussion 
following his presentation of 1974a, that 


We are not going to talk about fitting terms to nature without 
ultimately having things to say about the problem of meaning, 
and about that problem nobody knows quite what to say at the 
moment. I do not myself, but I think that what I am getting at 
with similarity relations may be one of the tools that will be 
helpful. '°” 


For Kuhn, the need to confront the concept of meaning arises from 
his conviction that the conceptual changes of special interest to him, 
those which occur during scientific revolutions, can’t be reduced without 
remainder to extensional change, conceived as the mere addition or subtraction 
of elements of an extension. Kuhn formulates this conviction in different 
ways at different times. In SSR, for example, Kuhn asserts that the 
transition from Newtonian to Einsteinian mechanics represents a par- 
ticularly clear example of the kind of shift in the conceptual net typical 
of scientific revolutions, for no new objects (or concepts) were intro- 
duced in the process.'*® The less than completely extensional character 
of revolutionary conceptual change is asserted in a different way in 
1969, at which point Kuhn suspects that scientific revolutions are char- 
acterized by the loss of analytic (or “‘quasi-analytic’”’) status on the part 
of sentences which formerly had it to some degree.!*° In the context 
of his discussions of scientific revolutions as linguistic changes resulting 
in a certain untranslatability, Kuhn asserts that while perfect transla- 
tions preserve meaning, '° 


In the present state of the theory of meaning, the distinction be- 
tween terms that change meaning and those that preserve it is at 
best difficult to explicate or apply.’ 


156. Compare § 3.6.a. 

157. 1974b, pp. 515-516. 

158. SSR, p. 102. 

159. 1974a, ET p. 304n. 14; 1970c, SSR pp. 183-184; 1976b, p. 198 n. 9. —On this 
issue, see § 6.3.a, point 2. 

160. 1983a, pp. 670, 671, 672, 680, 682. 

161. 1983a, p. 671. 
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Kuhn thus faces the problem that, while a purely extensional treat- 
ment of empirical concepts isn’t enough, direct access to that which the 
concept of meaning is supposed to capture isn’t possible. Accordingly, 
‘meaning change’ names a problem rather than an isolable phenome- 
non,’’!® Kuhn’s strategy for coping with this problem consists in set- 
ting aside the problematic concept of meaning, instead asking after the 
way in which the reference determinations of empirical concepts are 
learned, the way in which their names “attach to nature.” So rather 
than attempting to determine what meaning actually is, he inquires 
into the manner in which one of those functions a concept’s meaning 
is supposed to have, the ability to identify referents and nonreferents 
of the concept, is learned. In continuity with earlier conceptions, he 
insists on one negative feature of the concept of meaning: the meaning 
of a concept doesn’t consist in a set of necessary and sufficient condi- 
tions for its application, and consequently, the traditional theory of 
meaning is bankrupt.’ In his 1983 papers, Kuhn attempts to derive 
hints toward a theory of meaning for empirical concepts from an analy- 
sis of the learning of reference determinations. Following Kuhn’s pro- 
cedure, I will first discuss the new conception of the process of concept 
learning in which laws and theories aren’t employed, and I will then 
go on, in § 3.6.g, to consider the consequences of this new conception 
for the theory of meaning. 

In his works after 1969, Kuhn frames his inquiry into the learning 
of empirical concepts as follows: how can the immediate similarity 
relations relevant to the identification of an empirical concept’s refer- 
ents and nonreferents be learned by ostension? By contrast with the 
earlier conception, this approach doesn’t consider whether this learning 
process gives rise to any change in mode of perception. 

The learning of empirical concepts occurs in a “metaphor-like pro- 
cess” in which exemplary elements of the extension of the concept 
to be learned are juxtaposed, and this ‘juxtaposition of examples calls 
forth the similarities upon which . . . the determination of reference 
depend[s].’’!°° The parallel to the workings of metaphors consists in 
the fact such juxtaposition, too, 


neither presupposes nor supplies a list of the respects in which 
the subjects juxtaposed by metaphor are similar. On the con- 


162. ET, p. xxil. 

163. 1979b, pp. 409-410; 1981, p. 19; 1983a, pp. 676-677, 680-681, and elsewhere. 

164. 1979b, pp. 409, 413; 1983a, p. 685 n. 13; 1983b, p. 713. 

165. 1979b, pp. 409, 414, similarly pp. 410, 413; 1981, pp. 20, 21; 1983b, p. 714; 
1989a, p. 12; 1990, p. 301. 

166. 1979b, p. 413. 
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trary . . . it is sometimes (perhaps always) revealing to view 
metaphor as creating or calling forth the similarities upon which 
its function depends. !° 


Anyone seeking to learn the empirical concept at issue must thus 


discover the characteristics with respect to which they [the exem- 
plars] are alike, the features that render them similar, and which 
are therefore relevant to the determination of reference. '® 


It doesn’t matter which features of the objects authoritatively presented 
as similar are employed by someone learning the concept in reproduc- 
ing the similarity. In other words, it doesn’t matter what one leans on 
in identifying the concept’s referents and nonreferents, for 


In matching terms with their referents, one may legitimately 
make use of anything one knows or believes about those ref- 
erents, !© 


All that matters is that the similarity class presented by exemplars is 
actually learned as the extension of the target concept.'”” One conse- 
quence of this view is that different members of a linguistic community 
presumably will, in applying the same empirical concepts, employ dif- 
ferent characteristics of their concepts’ referents to identify these refer- 
ents and distinguish them from nonreferents. '7! 

But what guarantees the unequivocal use of these concepts within 
the linguistic community, when different speakers employ different 
features of the same concepts in identifying referents? Two aspects of 
the learning process play a role here.'” First, several representatives of 
the similarity class to be learned must be ostended. In addition, a range 
of nonmembers of the similarity class must be ostended in order to 
demarcate the class’s boundaries with other classes, especially close 
neighbors. But whether a process of instruction structured in this way 
actually teaches the target concepts depends, as noted above, on the 
nature of the phenomenal world at issue.'” 

Since learning a given concept requires an ostension of members 


167. 1979b, p. 409. —On this issue, see e.g. Kiinne 1983, p. 182. 

168. 1979b, p. 413; similarly 1981, p. 20. 

169. 1983a, p. 681; similarly 1981, p. 19; 1983a, pp. 685-686 n. 13; 1983b, p. 714. 

170. 1983a, pp. 682-683. 

171. 1983a, pp. 681, 683; 1989a, pp. 12, 16-17, n. 25; 1989b, p. 51; 1990, pp. 301, 
303, 317 n. 22. 

172. 1979b, pp. 412-414; 1981, p. 20; 1983a, pp. 680, 682; 1989a, p. 16; 1990, p. 
303. —Compare § 3.3. 

173. See § 3.3; also 1983a, pp. 681-682. 
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of neighboring similarity classes, this concept can’t be learned in isola- 
tion from other empirical concepts. Each concept is rather introduced, 
either alone or somehow correlated with other empirical concepts, into 
a preexisting net of mutually correlated concepts.'* Kuhn calls this 
intertwining of the empirical vocabulary the “‘local holism”? of lan- 
guage.'” Local holism, for not all other empirical concepts are impli- 
cated in a given empirical concept’s reference determination. Holism, 
because mutually correlated concepts constitute a whole, such that the 
individual constituent concepts aren’t independently existing parts or 
elements of this whole but are, rather, mere dependent moments; they 
are nothing outside the whole. The intertwining of empirical concepts 
has important consequences, both for the theory of meaning!” and for 
the debate over theory choice.” 


d. The Relationship between Earlier and Later Conceptions of Concept 
Learning without Use of Laws or Theories 


Despite the partially divergent terminology of the two conceptions of 
concept learning without use of laws or theories that were considered 
in the last two subsections, there remains an important substantive 
continuity between them. This continuity follows from the identical 
role played by ostension, in both conceptions, in the learning of simi- 
larity relations. 

The only substantive difference between the two conceptions is 
subtle but not without importance. What, in the earlier conception, 
was described as a particular organization of perceptual space, the pro- 
duction of similarity and dissimilarity by accentuating and dampening 
features of objects in perceptual space,'’® is now conceived as a discov- 
ery of particular features of objects, making possible the community’s 
usual application of concepts by identifying their referents and nonref- 
erents. 

In the first case, it is perception that grounds the connection with 
the world; to encounter the world is to see it. The perceptual subject 


174. 1979b, pp. 415-416; 1981, pp. 10-12, 18-19; 1983a, pp. 670-671, 676-677, 682; 
1983b, pp. 714-716; 1990, p. 314. —See Kamlah and Lorenzen 1967, p. 50. 

175. 1983a, p. 682; 1983d, p. 566. —In essence, the local holism of language may 
already be found in SSR (and in the 1969 papers): “scientific concepts . . . gain full 
significance only when related, within a text or other systematic presentation, to other 
scientific concepts, to manipulative procedures, and to paradigm applications” (SSR, p. 
142). Similar passages can be found e.g. on pp. 149, 149-150. 

176. See § 3.6.g. 

177. See § 7.5. 

178. Compare § 3.5. 
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may be an individual, but his or her perception is molded in a process 
in which the community of which the individual is (or will be) a mem- 
ber plays a great role. For the learned similarity and dissimilarity rela- 
tions which belong to or characterize the community are (to an uncer- 
tain degree) coconstitutive of perception.!” This molding of perception 
by the community is reflected in the particular empirical concepts em- 
ployed in the community. 

In the second case, by contrast, the connection with the world is 
a product of language; to encounter the world is to capture it linguisti- 
cally. Insofar as the linguistic community is the proprietary subject of 
its language, the individual is connected with the world only qua mem- 
ber of the community. Perception plays a role in this connection with 
the world, but rather an ancillary one; it helps the individual to achieve 
that mode of connection with the world dictated by the language of 
members of the linguistic community. 

With this greater emphasis on language, an important aspect of 
Kuhn’s theory becomes clearer. This has to do with individual differ- 
ences between scientists belonging to the same scientific community, 
differences which, under special circumstances, become relevant to sci- 
entific practice. The fact that members of a scientific community use 
an empirical concept in the same way doesn’t imply that they identify 
referents and nonreferents of the concept by the same criteria.'°° The 
individual differences between members of the community. aren’t ap- 
parent in linguistic practice so long as this practice is successful, in the 
sense that all members of the community ascribe objects to and exclude 
objects from the extensions of empirical concepts in the same way.'8! 
But the difference becomes both apparent and important when criteria 
for identifying referents and nonreferents that heretofore produced the 
same identifications begin, in response to certain new phenomena, to 
produce divergent results.’ At this point the group may begin to talk 
at cross purposes, if all speakers no longer match the same words with 
the same extensions. 


179. Compare § 3.4. 

180. An analogous claim holds for the older conception. A similar arrangement of 
relative distances in the perceptual spaces of two different observers doesn’t imply that 
the two also accentuate and dampen the same features of perceptual objects. But on the 
more linguistically oriented conceptions, the potential for individual difference is both 
more evident and more easily verified. 

181. And, we should add, so long as the members of the linguistic community don’t 
reflect on their use of concepts and discuss it with each other. 

182. On this issue, see § 7.5, especially 7.5.c. —For two further sources of individual 
difference between members of a scientific community of epistemic relevance under 
certain conditions, see §§ 4.3.c and 5.5.a. 
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e. Concept Learning with the Help of Laws and Theories 


For Kuhn, the manner in which concepts may be learned with the help 
of laws and theories should be explored by inquiring into the way we 
learn to apply laws and theories. Laws and theories are applied to 
“problem situations,”’ that is, to the objects or constellations of objects 
about which these laws or theories make assertions. There are five steps 


to applying a law or theory:'* 


1. The identification of a problem situation falling within the law or 
theory’s intended sphere of application 

2. The selection of one of the many equivalent formulations of the law 
or theory 

3. The specification of this formulation of the law or theory for the 
particular problem situation 

4. Mathematical-logical manipulations of this specification of the law 
or theory, generating assertions about the given problem situation 

5. The assignment of these assertions to the set of experimental or 
observational statements about the problem situation 


For example, treating the free fall of a body in a gravitational field 
first requires the identification of this problem as a problem of classical 
mechanics. Next, one of the equivalent formulations of classical me~ 
chanics must be chosen, for instance, Newton’s second law, ‘‘Force is 
equal to mass times acceleration.”’ This law is then specified for the 
particular situation, yielding mg = md*s/dt?. This done, the differential 
equation must be solved, resulting in s(t) = gt?/2 + vot + so. Finally, 
this solution must be evaluated for individual heights or times of fall 
and compared with observed data. 

The meanings of empirical concepts employed in the chosen for- 
mulation of the theory or law obviously play an especially great role 
in the first, third, and fifth steps.'** A problem situation can only fall 
within the intended sphere of application of a formulation of a law or 
theory if the empirical concepts employed in this formulation have 
referents in the problem situation. Furthermore, the law or theory can 


183. For the discussion which follows, see 1976b, where the parallels between Sneed’s 
1971 and Kuhn’s philosophies of science, as worked out by Stegmiiller 1973, are dis~ 
cussed. —In his latest work, Kuhn places the emphasis in his account of concept learning 
during law or theory application somewhat differently; see 1989a and 1990. These efforts 
also consider an example worked out in detail, the learning of basic concepts from 
Newtonian mechanics. This shift in emphasis couldn’t be considered in the present study. 

184. These are not necessarily discrete, temporally sequential steps. The identification 
of the problem situation and the instantiation of the chosen formulation of the law or 
theory might, for example, be mutually dependent; see also 1974a, ET pp. 301-302. 
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only be specified for a given situation, and the resulting assertions 
compared with observations, if the referents of the empirical concepts 
employed in the law or theory have actually been identified in that 
situation. '®> Kuhn’s question regarding the manner in which empirical 
concepts may be learned while employing laws or theories can thus be 
posed as follows: How do we learn to ascribe referents to the empirical 
concepts employed in a law or theory in the first, third, and fifth steps 
of the law or theory’s application? 

In order to get a better idea of just what must be learned in order 
to identify referents in this way, Kuhn begins by abstracting from 
the meanings of the empirical concepts employed in any particular 
formulation of a law or theory. In the formula F = ma, for example, 
F, m, and a are taken as uninterpreted placeholders, Kuhn calls formula- 
tions of laws or theories in which the meanings of empirical, though 
not mathematical or logical, concepts have been abstracted “symbolic 
generalizations,’ or more precisely, “generalization sketches,” 
“schematic forms,” “law-sketches,” or ‘“law-schemata.’'8” These 
terms hint not so much at the fact that generalizations contain uninter- 
preted placeholders instead of empirical concepts but rather at the fact 
that the appropriate symbolic generalization for a given situation must 
be specified before any consequences the law has in that situation can 
be deduced, and definitely before any comparison with experimental 
or observational results can be made.'88 Our question concerning the 
way in which empirical concepts occurring in particular formulations 
of laws and theories are learned thus becomes: How do we learn to 


185. The meanings of implicated empirical concepts can even piay a role in the second 
and fourth steps. In the second step, the formulation of the law or theory might be 
chosen with an eye toward the easy identification of referents for empirical concepts. In 
the fourth step, that of logical and mathematical manipulations, the meanings of empirical 
concepts might play a role, for example, in justifying approximations which, though 
not legitimate in purely mathematical terms, may be made acceptable by recourse to 
what, in physicists’ jargon, is called the “reasonable behavior” of certain quantities. 

186. 1974a, ET p. 299; 1970c, SSR pp. 182-184. —Talk of “symbolic generaliza- 
tions”’ is specific to the 1969 papers, where symbolic generalizations occur as components 
of the ‘‘disciplinary matrix” (see § 4.3). In 1979b, by contrast, the less specific claim that 
“Jaws and theories also play a role in establishing reference” is made (p. 412); similarly 
1981, p. 8. 

187. 1970c, SSR p. 188; 1974a, ET pp. 299, 300 n. 10; 1970b, p. 272; 1974b, p. 505; 
1983a, p. 678. —The terms “‘law-schema” and “law-sketch” aren’t meant to suggest that, 
once interpreted, these symbolic generalizations become purely synthetic propositions, 
incapable of fulfilling either expository or stipulative functions. Their status with regard 
to the analytic/synthetic distinction is rather ambivalent; on this issue, see §§ 3.6.f and 
6.3.a, 

188. 1974a, ET pp. 299-301; 1970b, pp. 272-273; 1970c, SSR pp. 188-189; 1974b, 
p. 517. 
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assign referents to the placeholders for empirical concepts occurring 
in law-schemata when applying the schemata to particular problem 
situations, in such a way as to allow the law-schemata to be specified 
and, after logical and mathematical manipulation, compared with ob- 
servation and experiment? 

The key to this question lies in the special way in which scientists 
are trained and in their typical approach to new problems by analogy 
to problems already solved.'® In both cases, the immediate similarity 
relations between problem situations play an important role. The student, 
whose task is to learn the empirical concepts occurring in laws and 
theories, is first presented with the application of these concepts in 
solving exemplary problem situations. The student’s next assignment 
is to go beyond the exemplars in solving further problem situations, 
with the understanding that they are soluble using the same law or theory. Just 
as occurs when, in scientific practice, a familiar theory must be applied 
to a heretofore unfamiliar problem, so now, too, an analogy between 
the new problem situation and other problem situations, for which the 
right specifications of the relevant law-schemata are already known, 
must be found. As happens in perception, or when concepts are directly 
applied to objects, ° analogy accentuates those features of both familiar 
and unfamiliar problem situations by means of which the new may be 
seen as similar to the old. These similarities permit the specification of 
the law-schemata for new situations by analogy with the specifications 
appropriate to familiar situations. In other words, they make it possible 
to apply the concepts occurring in the schemata to new problem situa- 
tions. 

Here, as in object perception, an as-structure emerges. |”! The new 
problem situation must be seen as a situation for which some law- 
schema can be specified in a manner analogous to the specification for 
some familiar problem situation. This analogy must be immediate in 
the sense that it has no recourse to characteristics which would define 
the class of problem situations susceptible to treatment with a given 
symbolic generalization.'"* The unproblematic use and transmission 
within a community of the empirical concepts employed in laws and 
theories thus depends not on the mastery of definitions but only on the 
possibility of actually mastering the fundamental, immediate similarity 


189. SSR, pp. 46-47; 1974a, ET pp. 305-307; 1970b, pp. 273, 275; 1970c, SSR pp. 
189-190, 200; 1976b, p. 181; ET p. xix. 

190. Compare §§ 3.5 and 3.6.b-d. 

191. Compare § 3.5. 

192. These two parallels to perception, the as-structure and the fulfillment of the 
attendant requirement that attribution occur without regress to defining features, are 
likely what makes it possible to use “to see” in both literal and metaphorical, or rather 
theoretical, senses. 
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relations. In other words, it must be possible to see the right problem 
situations as similar to one another. The meanings (whatever they 
might be) of such empirical concepts should thus, at least for the time 
being, be localized not to definitions but rather to similarity relations. 

The “local holism of language” also holds for concepts whose 
proper use is learned in applying laws and theories and, indeed, is 
more complicated for them than for empirical concepts learned without 
reference to laws and theories. We may distinguish between three 
sources of holism. 

First, we recall that the mutual intertwining of concepts learned 
without reference to laws or theories emerged from the fact that the 
appropriate similarity relations can only be learned if members of other 
similarity classes, especially close neighbors, are ostended. Only in this 
manner could those features suitable for distinguishing referents from 
nonreferents be discovered.'? This form of intertwining has its ana- 
logue in the fact that a conceptual system characteristic of law or theory 
must be learned through its divergence from the conceptual systems 
of other laws or theories. For the first decision to be made about any 
problem situation at hand inevitably concerns the theory or law to be 
used in addressing it. . 

A second form of intertwining for empirical concepts occurring in 
laws or theories arises from the fact that they are learned together, and 
not just in a temporal sense. When a law-schema is applied to a given 
problem situation, the selection of referents for some constituent con- 
cept or another depends in part on the selection of referents for the 
other concepts occurring in the same law-schema.'™ On grounds of 
their substantive interdependence, these concepts can only be learned 
together. 

Third, concepts employed in a law or theory are also intertwined 
with those learned and applied in direct observation of objects. For 
these latter concepts play a role both in identifying the right law or 
theory to be used in attacking a given problem situation and in finding 
referents for the concepts which occur in laws and theories.!® 


Sf. The Impossibility of Explicitly Defining Empirical Concepts 


The doctrine of the impossibility of explicitly defining empirical con- 
cepts is of special importance both to Kuhn’s theory as a whole and to 


193. See § 3.6.c. 

194. 1970c, SSR pp. 183-184; 1979b, p. 412; 1983a, pp. 675-677; 1983d, p. 566; 
1989a, p. 16; 1990, p. 303. 

195. Compare footnote 33 to § 3.2 on the interdependence of similarity relations 
from different domains. 
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his theory of meaning in particular. This doctrine builds on the weaker 
thesis which states that, in fact, empirical concepts are generally learned 
and applied uniformly in the appropriate scientific community without 
any recourse to explicit definitions. °° The weaker thesis is evident from 
three aspects of scientific practice. 

First, it seems that 


Very few correspondence rules are to be found in science texts or 
science teaching. 


And furthermore, 


if asked by a philosopher to provide such rules, scientists regularly 
deny their relevance and thereafter sometimes grow uncommonly 
inarticulate.'%” 


“Correspondence rule’ here refers—in a slight departure from the 
usual use of this expression in the philosophy of science—to everything 
with pretensions to define an empirical concept explicitly, whether its 
form is that of an intensional, a mere extensional, or an operational 
definition.” 

Second, the function of exercises assigned to students of the natural 
sciences, and the difficulties students typically experience with them, 
are best interpreted as evidence less of the application of previously 
known concepts to new problem situations than of students’ efforts to 
master concepts not yet adequately known by way of the immediate simi- 
larity relations between problem situations.'” 

Third, it frequently happens in the history of science that a new 
problem is attacked with the same strategy employed for a problem 
solved earlier, a problem which may concern very different phenom- 
ena.” The transposition of concepts from previously solved to new 
problems happens by means of the immediate similarity relations hold- 
ing between the problem situations, not according to defining criteria. 

Formulated in terms of the (Cartesian-) Leibnizian distinction be~ 
tween the clarity and distinctness of concepts, this doctrine claims that 
the empirical concepts of science can be clear, unequivocally applicable, 


196. E.g. 1970a, ET p. 286; 1974a, ET pp. 302 n. 11, 312; 1970b, pp. 274, 276; ET, 
pp. xvili-xix; 1979b, pp. 409, 413; 1983a, p. 681; 1989a, pp. 15, 16; 1990, pp. 302, 303. 
—See Kamlah and Lorenzen 1967, p. 29. 

197. 1974a, ET p. 305; similarly ET, pp. xviii-xix; q.v. SSR, pp. 142-43. 

198. 1974a, ET p. 302 n. 11. 

199. SSR, pp. 46-47, 80; 1974a, ET pp. 305-308; 1970b, pp. 272-274; 1970c, SSR 
pp. 189, 191. 

200. Compare § 3.6.e. 
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without thereby being distinct, without having any known defining 
criteria.”"! 

Up to now we have only set up a thesis about the actual employ- 
ment of empirical concepts in the sciences. But Kuhn asserts the further 
claim that empirical concepts can’t in principle be adequately explicated by 
means of definitions.’ Kuhn’s doubts on the extent of the analytic/ 
synthetic distinction’s applicability, for which he’s indebted to Quine, 
form the background to this claim.” 

For now we must ask what Kuhn understands by a definition. 
Kuhn’s notion of a definition is pragmatic; a definition of a concept does 
a certain job; it provides necessary and sufficient criteria for the con- 
cept’s unequivocal application in all conceivable situations.” In other 
words, a definition makes the application of a concept decidable; it 
doesn’t matter whether it does this by recourse to intensions, exten- 
sions, or operational criteria. Kuhn is well aware that, as far as the claim 
that empirical concepts can’t, in this sense, be defined is concerned, “‘A 
negative of that sort scarcely can be proven.’ The claim will become 
plausible, however, if we presuppose Kuhn’s views on the learning of 
empirical concepts by means of immediate similarity relations. 

Let us consider a concept learned by means of immediate similarity 
relations, unproblematically used in some scientific community. If we 


201. Leibniz claimed, however, that even indistinct concepts could be decomposed 
into features, though these might be unknown to the concept user. The only exceptions 
are concepts with the status of a “basic concept, whose characteristic is itself. . . and 
thus can’t be decomposed into characteristics but is grasped only through itself.” Yet 
“colors, smells, tastes, and other particular objects of the senses” aren’t among these 
basic concepts (Leibniz 1684, vol. 4, pp. 422-423, p. 10f. [My translation. —A.T.L.]). 
By contrast, as we shall soon see, Kuhn denies (with Wittgenstein) that such decomposi- 
tions could possibly do justice to their goals. 

202, SSR, chap. 5 (and somewhat more reticently on p. 142); 1964, ET p. 259; 1970a, 
ET p. 287, and nn. 36, 37; 1974a, ET p. 302 and n. 11, p. 316 and n. 21; 1970c, SSR p. 
192; 1974b, p. 511; ET, pp. xix, xxii; 1984, p. 245; 1989a, p. 21 n. 19; 1990, p. 317 
n. 17. —On this issue, see Kant, Critique of Pure Reason, A727ff/B755ff, and Kant, Logic 
(ed. Jasche), § 103, vol. 5, p. 573. 

203. 1961a, ET p. 186 n. 9; SSR, pp. vi, 45; 1964, ET p. 258; 1970c, SSR pp. 
183-184. Kuhn doesn’t take these doubts so far as to claim that the analytic/synthetic 
distinction could, in principle, never be explicated. What he does claim is that this 
distinction is unsuited to the classification of scientific propositions. Aligning himself 
with Braithwaite, he asserts that “‘an inextricable mixture of law and definition. . . must 
characterize the function of even relatively elementary scientific concepts” (1964, ET p. 
258). This of course presupposes rather than denies the ideal differentiability of “law” 
and ‘‘definition.”’ 

204. SSR, p. 45; 1970a, ET p. 287 and nn. 36, 37; 1974a, ET p. 302 and n. 11, p. 
316 and n. 21; 1974b, p. 511. 

205. 1974a, ET p. 305. 
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attempt to explicate this concept by means of necessary and sufficient 
conditions for its application, we will in all probability find different 
possible sets of such rules, all of which are equivalent with regard to 
the concept’s use in the community to date.” Which of these alternative 
sets of rules actually defines the concept in question is undecidable. But 
their differences are by no means negligible, for they may produce 
different results as applied to the concept’s employment in a new situa- 
tion. The differences between possible explicit definitions show up a 
certain “openness” on the part of concepts learned by means of imme- 
diate similarity relations, an openness no explicit definition can capture. 
Explicit definitions may serve to narrow empirical concepts, but they 
can never adequately reflect the way in which they are used in a given 
community.” The learning and use of empirical concepts by means 
of immediate similarity relations is simply of a fundamentally different 
kind than learning and use by way of explicit definitions.” 

One important point of difference between practicing scientists 
and the philosophers or historians of science whose business it is to 
reconstruct their practice deserves mention here.” Scientists may wish 
(and, under certain circumstances, be obliged)*!° to define concepts 
previously employed without explicit definition, thus attempting to 
bring their linguistic practice under the regulation of a norm; these 
definitions may reproduce previous linguistic practice, or they may 
not. But the function such definitions exercise for scientists under certain 
circumstances doesn’t permit the philosopher or historian to recon- 
struct concepts by means of explicit definitions if scientists learned 
these concepts by means of immediate similarity relations and applied 
them without definitions. The doctrine of the impossibility of adequate 
explicit definition of empirical concepts doesn’t claim that such defini- 
tions are, in general, unsuited to normative purposes. All it claims is 
that explicit definition isn’t the right means by which to reconstruct a 
linguistic practice in which empirical concepts are employed without 
recourse to explicit definitions. 

But doesn’t the lack of explicit definitions for empirical concepts 
seriously handicap scientific practice? Aren’t just such definitions a nec- 
essary prerequisite for the unequivocal use of concepts within a scien- 
tific community? Any appearance of indispensability on the part of 


206. 1974a, ET p. 303. 

207. 1974a, ET pp. 303-304 and n. 13, pp. 313-318. 

208. 1974a, ET pp. 312-313; 1970c, SSR p. 198. 

209. 1974a, ET pp. 303-304 and n. 13, pp. 313-318; 1974b, pp. 512-513. 
210. 1970a, ET p. 286; 1974a, ET p. 318. 
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definitions vanishes when we consider that phenomenal worlds are 
always organized in a particular way; they always contain natural fami- 
lies.7!! In an appropriately organized phenomenal world two things, in 
particular, are unnecessary in order to apply empirical concepts, both 
individually and collectively, in an unequivocal way. First, defining 
characteristics which provide necessary and sufficient conditions for a 
concept’s application in all conceivable situations are unnecessary, for 
rules governing unequivocal concept use in situations ruled out by the 
very organization of the phenomenal world are superfluous.” It is 
enough for empirical concepts to be unequivocally employed in the 
phenomenal world for which they were introduced. Expressed nega- 
tively, this amounts to the claim that only those misuses of a concept 
actually possible in this phenomenal world need to be ruled out when 
the concept is learned. Second, as far as ensuring unequivocal concept 
use is concerned, there’s no need to decide whether the criteria a speaker 
uses in identifying referents of a given concept are suitable for inclusion 
in that concept’s definition or merely traits accruing to the referents on 
empirical grounds. Such decision is unnecessary so long as unequivocal 
concept use is sustained by the particular organization of the phenome- 
nal world. 

But not only are explicit definitions of empirical concepts unneces- 
sary when unequivocal concept use in the community can be achieved 
by learning immediate similarity relations, they would, in many re- 
spects, prove a hindrance to scientific practice.7"° For if definitions are 
taken seriously, they are binding on concept application even in such 
novel situations as appear in the course of research. For example, unex- 
pected objects might be discovered.*!* Some such discoveries will 
prove tricky borderline cases for a definition-based criterion for concept 
application, though they pose no trouble at all for immediate similarity 
relations. Other cases might call an established classification into ques- 
tion. But, in such cases, we gain nothing from summary decisions by 
definition. Whether the established classification should be retained or 
abandoned in light of the discovery of new objects must be decided by 
empirical examination of the objects themselves, not by definitions 
given in ignorance of these objects. 


211. Compare § 3.3. 

212. 1964, ET pp. 259-260; 1970a, ET pp. 286, 288; 1974a, ET p. 312 n. 20 and 
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213. 1970a, ET pp. 287-288; 1974a, ET pp. 314-316; 1970c, SSR pp. 197-198. 

214. One of Kuhn’s examples is the black swan, which overuse by philosophers of 
science has leeched of almost all color. 


110 / Scientific Knowledge and Its Object 


g. Consequences for the Theory of Meaning as Applied to 
Empirical Concepts 


What consequences does the above have for the theory of meaning as 
it applies to empirical concepts? We are faced with a choice between 
two alternatives. On the one hand, we might insist that an empirical 
concept only has meaning in the full sense if, in principle, an adequate 
definition governing its use can be given. In this case, most of the 
empirical concepts of science would have no meaning in the full sense. 
On the other hand, we might reject this concept of meaning as inade- 
quate—at least stated so universally—and assert that those concepts 
which are used unequivocally in a given linguistic community have 
meaning in the full sense even if this meaning can’t be articulated in a 
definition. Someone has “learned a concept” or “‘knows its meaning” 
just in case he or she can use it in the same way as other members of 
his or her community. It remains unanswered in this case, however, 
in what the meaning of an empirical concept consists. 

Kuhn chooses the second of these alternatives. His choice makes 
sense when we consider the way in which he juxtaposes the two op- 
tions.2!3 Defining an empirical concept (in the ideal case) sanctions its 
unequivocal use in all conceivable situations. Learning an empirical con- 
cept by way of immediate similarity relations, by contrast, only sanc- 
tions (in the ideal case) its unequivocal use in all expected situations in a 
given phenomenal world.”!© The first alternative’s surplus determinacy is 
obviously no help to unequivocal concept use in a given phenomenal 
world and can even prove a hindrance. Consequently, an empirical 
concept learned by way of immediate similarity relations and unequiv- 
ocally applicable in a given phenomenal world must be deemed well- 
founded. In other words, it has a determinate meaning. 

In these reflections, Kuhn is evidently applying a pragmatic condition 
on the adequacy of a concept of meaning: someone has mastered the mean- 
ing of an empirical concept, whatever that might be, if he or she can 
use the concept correctly, relative to the appropriate linguistic commu- 
nity.?!7 Evaluated by this condition, the first alternative—determinate 
meaning equals definitional explicability—is inadequate and should be 
discarded. 

When we ask, with an eye toward clarifying the concept of mean- 
ing, what is involved in the ability to employ empirical concepts cor- 
rectly relative to a linguistic community, two observations appear 
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worth making. First, the particular content of the criteria employed by 
an individual speaker in evaluating whether a given concept applies is 
irrelevant so long as the criteria result in correct concept use.”!® Conse- 
quently, the particular criteria employed by individual speakers make 
no immediate contribution to the concept’s meaning. Second, in accor- 
dance with that feature of empirical conceptual systems called “local 
holism,” the correct use of an empirical concept can’t be learned in 
isolation from the correct use of other concepts.”!? It follows that a 
given concept has no meaning when taken as an individual but rather has it 
only when regarded as a dependent moment in a conceptual net- 
work.” Borrowing a term from linguistics, Kuhn calls this network 
of concepts a “lexicon” or “‘lexical network,” for, as do the words 
in the genre of books referred to by that name, the constituents of a 
system of empirical concepts allude to one another. 

Now we are in a position to state what’s involved in knowing a 
concept’s meaning.” For each individual speaker, the criteria he or she 
employs for referent determination place concepts in particular rela- 
tions to one another, relations of extensional exclusion, extensional 
overlap, genus and species, synonymy, and others. In order for one 
concept to be used correctly, that is, unequivocally within a commu- 
nity, the network of relations between concepts must be the same for 
all speakers in the linguistic community. In other words, this network 
isn’t contingent on any particular choice of those criteria which mediate 
the interweaving of concepts for the individual speaker. This network 
of relationships, invariant over the linguistic community, is called the 
“structure of the lexicon.”””? To know the meaning of a concept, that 
is, to know how to use the concept correctly, thus means to know the 
structure of that portion of the lexicon in which the concept occurs, 
and to know it by means of criteria, particular to the individual speaker, 
for identifying referents and nonreferents of the concept. 


3.7. Knowledge of Nature 


We have seen what role immediate similarity relations play in the con- 
stitution of a phenomenal world; they are coconstitutive of perception 


218. See § 3.6.c. 
219. See §§ 3.6.c and 3.6.e. 
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and of the formation of empirical concepts. Their importance as mo- 
ments of world constitution emerges from the fact that a phenomenal 
world is organized perceptually and conceptually.* Kuhn variously 
claims on behalf of immediate similarity relations that, beyond their 
world-constituting function, they or the concepts they introduce con- 
tain “knowledge of nature” or of the “world.” Two points of clari- 
fication are called for. First, what, precisely, is the content of such 
knowledge (§ 3.7.a)? Second, in what sense are we here dealing 
with knowledge—what are the characteristics and capacities of this 
form of knowledge (§ 3.7.b)? 


a. The Content of Such Knowledge 


According to Kuhn, the knowledge of nature or the world contained 
in immediate similarity relations involves two sorts of content: the 
existence of reasonably well-described similarity classes in a phenome- 
nal world and the regularities which objects constructed by the simi- 
larity relations obey.”° The first component of knowledge I will call 
quasi-ontological knowledge, quasi-ontological because it concerns a 
phenomenal world with no claim to exclusive reality. The second com- 
ponent I will call knowledge of regularities. Both epistemic components 
are mutually inextricable moments of the knowledge contained in im- 
mediate similarity relations.””” After we have discussed the contents of 
both components of knowledge, we will return, at the end of this 
subsection, to consider why this is so. 

The immediate similarity relations which lead to the formation of 
natural families contain, so goes the claim, quasi-ontological knowledge. 
The immediacy of these similarity relations just means that the similar- 
ity of the relata is taught and learned not by means of defining charac- 
teristics but by repeated ostension of exemplary elements and nonele- 
ments of the appropriate similarity classes.° This immediacy means 
that, as far as concept learning without recourse to laws and theories 
is concerned, it must be possible perceptually to identify the referents 
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of these concepts without serious boundary disputes. There can be no 
fluid transitions between different natural families of objects, since, if 
there were, drawing a clear border between natural families would be 
possible only by convention.” This immediacy of similarity relations 
also means that, as far as concepts learned in applying laws or theories 
are concerned, there can be no fluid transitions between similarity classes 
of problem situations, and that the concepts at work in the implicated 
symbolic generalizations must be applicable without boundary conven- 
tions. The quasi-ontological knowledge which similarity relations con- 
tain only by virtue of their assumed property of being immediately 
teachable and learnable consists in the proposition, learned along with 
the immediate similarity relations themselves, that there are no objects 
which fall through the cracks between similarity classes.7° In other 
words, immediate similarity relations assert a claim to knowledge, on 
which the phenomenal world—apparently “of its own accord’’—is 
organized in a certain way. This organization seems to be given to 
perception at every exposure to observable objects. Similarly, problem 
situations exhibit a high degree of nonarbitrariness vis-a-vis the sym- 
bolic generalizations “appropriate”’ to their resolution and with regard 
to the determination of referents for the concepts contained in these 
generalizations. Kuhn’s critical agenda, at this point, amounts to the 
insistence that the knowledge involved here is quasi-ontological, in the 
sense that it concerns only a particular phenomenal world, not all possi- 
ble phenomenal worlds, and certainly not the world-in-itsélf.?" 

Quasi-ontological knowledge is gained at the same time that the 
names of natural families are learned. In fact, these two forms of 
knowledge, knowledge of language and quasi-ontological knowledge, 
are distinguishable but not separable; they are “not really two sorts of 
knowledge at all, but two faces of the single coinage that a language 
provides.”’*? This ‘“‘coin” is the network of immediate similarity and 
dissimilarity relations, for these relations are constitutive of the mean- 
ings of their respective concepts and thus assert a claim to the appro- 
priate quasi-ontological knowledge. 

Concepts learned by way of immediate similarity relations contain, 
in addition to quasi-ontological knowledge, knowledge of regularities, or, 
to use a term from Kuhn’s “A Function for Thought Experiments” 
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(1964), they have “legislative content.’’°? What this means is that such 
concepts contain knowledge about “how the world behaves”™* or 
about “the situations that nature does and does not present.”’**> The 
possibility that such knowledge may be contained in empirical concepts 
arises from the fact that they are used without binding explicit defini- 
tions. For when we try to formulate explicit criteria for the use of a 
given empirical concept**® on the basis of contemporary conceptual 
analyses and the concept’s actual use in concrete cases, we make three 
discoveries. First, it appears that a plurality of different criteria is re- 
quired to govern the concept’s use in different situations.**’ Second, 
the conjunction of these criteria has empirical content.”* Third, these 


are criteria 


whose coexistence can be understood only by reference to many 
of the other scientific (and sometimes extrascientific) beliefs 
which guide the men who use them.”? 


When these three points are taken together, it becomes clear how 
the lack of any binding explicit definition opens up the possibility of 
tacitly importing “‘legislative content” into a concept’s use. If the cor- 
rect application of a concept is always decided by means of a fixed 
explicit definition, then any actual attribution of a concept to an object 
only allows us to infer the existence in the present phenomenal world 
of objects with the features named in the definition. But the fact of 
attribution alone doesn’t tell us anything about the regularities these 
objects obey. If, however, immediately transmitted similarity relations 
are used in determining correct concept use instead, the possibility of 
identifying members of a similarity class on the basis of different, logi- 
cally independent but empirically co-occurring features arises. This 
possibility is compatible with correct concept use just in case there is 
actually an empirical correlation between these features; if the features 


233. 1964, ET pp. 258, 260. 

234. 1970b, p. 274; similarly 1964, ET p. 260; 1974a, ET p. 312; 1974b, pp. 503-504; 
1981, p. 21; 1983a, pp. 681-682. 

235. 1970c, SSR p. 191. 

236. The fact that this explication can’t precisely capture the concept isn’t really an 
issue here (see § 3.6.£). What matters here is to show that the concept contains knowledge 
of regularities. 

237. 1964, ET pp. 258-259; Kuhn’s argument here also rests on those of Braithwaite 
and Carnap. Kuhn explicates two different criteria for the Aristotelian concept of speed 
in his 1964, especially ET pp. 246-247. A similar case is Carnot’s concept of caloric; see 
1964, ET p. 259 n. 30, along with Kuhn’s 1955b, alluded to there. 

238. 1964, ET p. 259. This empirical content amounts, for the Aristotelian concepts 
of speed, to the claim that all motion is “quasi-uniform”; 1964, ET pp. 254-256. 

239, 1964, ET p. 259. 


The Constitution of a Phenomenal World / 115 


are subsequently made explicit criteria for concept use, then of course 
their conjunction will have empirical content. Put in terms of Kuhn’s 
later conception of concept learning,” whatever an individual member 
of a linguistic community uses to identify the referents of a concept is 
legitimate so long as its result, the similarity class it produces, is cor- 
rect. Thus all new empirical knowledge about the features of elements 
of the similarity class can be used for referent identification." It fol- 
lows that the set of acceptable criteria for referent identification changes 
with increasing empirical knowledge about the elements of a concept’s 
extension; new criteria may be added and old criteria modified or aban- 
doned without the concept’s extension changing. This process of crite- 
rion change by no means must proceed in the same way for all mem- 
bers of the linguistic community, and therefore the kind and degree of 
heterogeneity within the community is subject to change. 

The fact that knowledge of regularities resides in enipirical con- 
cepts has several important consequences. First, the knowledge of regu- 
larities residing in one or more empirical concepts gives rise to con- 
straints on the introduction of further concepts. For the knowledge 
of regularities residing in the conceptual system as a whole must, if 
contradictions are to be avoided, be consistent. Second, the domain 
of possible theorizing by means of concepts in which knowledge of 
regularities resides is constrained, for only those propositions consistent 
with this indwelling knowledge of regularities can be formulated.* 
Third, certain “‘compelling” propositions with a peculiar status inter- 
mediate between analytic and synthetic now appear possible. These are 
just those propositions which explicitly articulate the knowledge of 
regularities implicit in empirical concepts. 79 

A fourth, and closely related, consequence is that we may now 
understand why the empirical concepts of abandoned scientific theories 
today appear self-undermining or confused, though they didn’t appear 
so to language users of their period. For those claims to knowledge of 
regularities sanctioned by concept use may turn out to be only partially 
Justified, or entirely unjustified, with the result that employing dif- 
ferent criteria for referent determination in the same situation may 
lead to contradictory results. The concept itself then appears self- 


240. Compare §§ 3.6.c and 3.6.d. 

241. On this issue, see 1981, p. 19; 1983a, pp. 681-683. 

242. Kuhn illustrates this intertwining of concepts and theory formation by three 
examples: Aristotelian dynamics, in 1964, ET pp. 255-260; 1977b, ET p. 20; 1981, pp. 
8-12; phlogiston theory, in 1983a, pp. 674-676; and classical mechanics, in 1964, ET p. 
260; 1983a, pp. 676-677; 1983d, pp. 566-567. 

243. SSR, p. 78. —I will return to the peculiar status of such propositions in § 6.3.a, 
point 2. 
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undermining or confused. But the real problem isn’t any logical error 
in concept formation, of the kind which prevents a concept’s being 
applied consistently in all possible worlds. The problem is rather the 
falsity of certain assumed empirical correlations, which only precludes 
the concept’s consistent application in certain special worlds, just those 
in which the empirical correlations fail to hold.” 

Kuhn’s views on the knowledge of regularities implicit in concept 
use may be illustrated by an example from contemporary physics. In 
Csonka 1969 an attempt is made to construct a theory on which the 
elementary interaction of particles is assumed temporally symmetrical 
and not, as is generally thought, retarded. This idea, which, since 
the beginning of the century, had already been proposed and worked 
out for the special case of electrodynamics,” implies that causality, 
too, must be conceived as temporally symmetrical. It follows that, in 
addition to the usual temporal ordering of cause and effect, the tempo- 
ral priority of effect over cause is also permitted.” The construction 
and articulation of such a theory, according to Csonka, runs into the 
difficulty that ‘‘our language is no longer capable of describing a world 
in which effect may precede its cause,” for “the concepts of time and 
causal sequence have partially merged.” Expressed in Kuhn’s terms, 
the problem is as follows. First, we find different criteria for the use 
and reconstruction of the cause-effect relation, which was introduced 
without explicit definition; one is the particular “causal generation” 
which connects cause with effect, and the other is the (merely neces- 
sary) criterion which stipulates that effect occurs after cause.“ Second, 
the conjunction of the two criteria has the empirical content (though 
the conjunctive proposition may seem analytic) that causes always pre- 
cede their effects. Third, the coexistence of the two criteria may be 
traced to the early phases of modern science, in which final causes were 
ruled out as scientifically illegitimate.*° Fourth, one consequence of 
the triumph of this modern notion of causality is that “‘some consider 


244, 1964, ET p. 242. Kuhn’s analysis of the apparent confusion or self-undermining 
of the Aristotelian concept of speed is an exemplary illustration of this point; see ET, 
pp. 253-258. 

245. This work makes no reference to Kuhn, though some of its formulations and 
conclusions show a surprising similarity with the appropriate bits of Kuhn’s theory. 

246. The classic sources are listed in Csonka 1969 nn. 2—4. The status of the proposal 
in 1975 is summarized in Pegg 1975. 

247. Csonka 1969, p. 1266. 

248. Ibid. 

249. The problems associated with a precise understanding of this “causal genera- 
tion” need not concern us here. See Brand 1979. 

250. Csonka 1969, pp. 1266-1267. 
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it inconceivable”’ that effect might precede cause, and for “‘self-evident”’ 
reasons.”' And fifth, the modern notion of causality actually places 
severe constraints on scientifically legitimate concept and theory forma- 
tion, for it rules out any teleology which fails to reduce to this causality 
as scientifically illegitimate.*> 

At the beginning of this subsection I claimed that quasi-ontological 
knowledge and knowledge of regularities were inseparable moments 
in the knowledge implicit in similarity relations. This claim follows 
from the immediacy of similarity relations, for empirical concepts can’t 
be precisely explicated,”*? which means that a division of the features 
of a concept into defining and empirical characteristics isn’t possible, 
nor is the class of such features uniquely determined. In this case, 
features that allow us to identify an object or situation as a particular 
object or situation can’t be distinguished from those behavioral attri- 
butes of a previously described class of objects or situations that pertain 
to the class on merely empirical grounds. But then knowledge of the 
existence of particular objects or situations becomes inseparable from 
knowledge of these objects’ or situations’ behavior, and both knowl- 
edge components appear as mere moments in that knowledge implicit 
in immediate similarity relations. 

At last we are in a position to explicate further the interweaving 
of language (or, more precisely, the system of empirical concepts, or 
lexicon) with the world, as it is asserted by Kuhn.** One of Kuhn’s 
ways of formulating the connection is by asserting that the cdncepts 
employed in a given historical community “were not intended for ap- 
plication to any possible world, but only to the world as the scientist 
saw it.”*°° For, to begin with, it is only under certain circumstances 
that these concepts are learnable at all by means of immediate similarity 
relations.*° Furthermore, the use of this conceptual system gives rise 
to claims to knowledge about nature when empirically correlated fea- 


251. Csonka 1969, p. 1266. 

252. Compare Spaeman and Léw 1981. —Csonka cites ‘‘an example in which our 
own prejudices aren’t involved” to illustrate the “confusion which can result from the 
unconscious merging of two concepts,” “the merging of the concepts of ‘north’ and 
‘downstream’ in ancient Egypt” (pp. 1266, 1280). This identification was empirically 
correct for the region around the Nile, and unproblematic for word use, but led to 
inconsistent descriptions on the discovery of the Euphrates, which flows south. These 
are preserved on a tablet from the reign of Thutmosis I (16th century B.C.). 

253. Compare § 3.6.f. 

254. Compare especially §§ 2.3 and 3.2. 

255. 1964, ET pp. 259-260, also p. 254; similarly 1970a, ET p. 288; 1970b, p. 270; 
ET, pp. xxti-xxiii. 

256. Compare §§ 3.3, 3.5, 3.6.b. 
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tures of elements of a concept’s extension are used to identify these 
elements in applying the concept. Using this conceptual system, laden 
with knowledge of nature or the world, is fundamentally unproblem- 
atic only so long as nature or the world behaves in the manner asserted 
by this knowledge. 


b. The Characteristics of Such Knowledge 


We must now clarify in what sense “knowledge” is meant when we 
talk of the quasi-ontological knowledge and knowledge of regularities 
contained in immediate similarity relations. Kuhn himself is somewhat 
reluctant to designate these as “knowledge,” for he allows the possibil- 
ity that “Perhaps ‘knowledge’ is the wrong word.””” Let us consider 
those features and capacities of the thing which prompt us to call it 
“knowledge.” 

To begin with, this knowledge is teachable and learnable, and it 
can also be overlearned.** This is a consequence of the property, as- 
sumed by Kuhn,”? of immediate similarity relations being teachable, 
learnable, and overlearnable. In addition, this knowledge is subject 
to both confirmation and refutation,*® for claims to quasi-ontological 
knowledge or knowledge of regularities can be fulfilled or disap- 
pointed. Furthermore, this knowledge is “‘systematic.”°' Designating 
it as systematic should ward off any impression that this knowledge, 
since incapable of being explicated, rests “‘on unanalyzable individual 
intuitions.”*©? On the contrary, the propositions of such knowledge 
are the property of particular scientific communities and thus not indi- 
vidually subjective. They are also susceptible to analysis, though such 
analysis must take into account the fact that these propositions are 
implicitly contained in immediate similarity relations founded on para- 
digmatic exemplars. The total organization of scientific knowledge 
thus has more in common with the systematicity of Anglo-Saxon case 
law than with that of the codified law of Roman legal tradition”? 
or that of an axiomatic system. Accordingly, the analysis of implicit 


257. 1970c, SSR p. 196. 

258. 1970a, ET pp. 285-286; 1970c, SSR p. 196; 1974b, p. 509. 

259. Compare § 3.1. 

260. 1970a, ET pp. 285-286; 1970c, SSR pp. 175, 196; 1974b, p. 509. 

261. 1970c, SSR pp. 175, 191-192; similarly 1970b, pp. 274-275, 1974b, pp. 
510-511. 

262. 1970c, SSR p. 191. 

263. Kuhn mentions the parallels to Anglo-Saxon legal tradition in passing in SSR, 
p. 23, and 1970b, p. 275. These parallels are somewhat further worked out in King 1971, 
section 4b. 
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knowledge can’t start out from the assumption that it can be adequately 
reconstructed by means of universal propositions.” 

Kuhn claims the following capacities on behalf of such knowledge. 
First, it is capable of generating more or less explicit prognoses and 
expectations on the future behavior of nature. This applies both to such 
objects and situations as can be expected and to their attributes and 
behavior.” In addition, such knowledge “provides a basis for rational 
action.’’“©° This claim should be uncontroversial, for accurate expecta- 
tions on the action-relevant behavior of nature can only improve the 
chances of an instrumentally rational action’s success. Finally, such 
knowledge clearly leaves open the possibility of comparatively evaluat- 
ing different epistemic claims, choosing one as ‘“‘more effective.’”’”67 

The listed features and capacities of this form of knowledge grant 
its designation by “‘knowledge”’ every appearance of legitimacy. But 
one feature generally associated with this designation is lacking, for 


We have no direct access to what it is we know, no rules or 
generalizations with which to express this knowledge.” 


This means, first of all, that such knowledge is implicit knowledge or, 
in terms introduced by Michael Polanyi, “tacit knowledge.” Ex- 
pressed more positively, this knowledge is “built into language”’ or 
“intrinsic to language.”?” “Language” here evidently means linguistic 
practice, the learning and use of empirical concepts by means of immedi- 
ate similarity reactions, that is, without explicit definitions. But in 
addition, Kuhn also means that such knowledge is, in principle, impos- 
sible to explicate; 


Its precise scope and content are, of course, impossible to specify, 
but it is sound knowledge nonetheless.7”! 


264. See § 3.6.f. I will shortly return to the question of whether implicit knowledge, 
like empirical concepts, is in principle not susceptible to adequate explication. 

265. E.g. SSR, pp. 62-65, along with the other passages cited at the beginning of 
this section. 

266. 1970a, ET p. 285; similarly 1974a, ET p. 312. 

267. 1970c, SSR p. 196. 

268. 1970c, SSR p. 196; similarly 1970a, ET pp. 285-286; 1970b, p. 275. 

269. SSR, p. 44 n. 1; 1963b, pp. 392~393; 1970b, p. 275; 1970c, SSR pp. 175, 191, 
196. McIntyre claims that Kuhn’s philosophy owes a great, but unacknowledged, debt 
to the works of Polanyi (‘a view of natural science which seems largely indebted to the 
writings of Michael Polanyi [Kuhn nowhere acknowledges any such debt],”” McIntyre 1977, 
cited as printed in Gutting 1980, p. 67, emphasis mine.). This less than flattering accusa- 
tion is refuted in SSR, p. 44 n. 1; 1963a, p. 347 n. 1, and 1970c, SSR p. 191. 

270. 1970b, pp. 270, 271, 272; 1981, p. 21. 

271. 1970a, ET p. 285; similarly 1963b, pp. 392-393. 
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Stated more precisely, 


in learning . . . a language, as they must to participate in their 
community’s work, new members acquire a set of cognitive com- 
mitments that are not, in principle, fully analyzable within that 
language itself.?” 


In other words, the knowledge built into the language can’t be fully 
explicated by means of the particular language. But why should the 
precise explication of a language’s implicit knowledge be impossible 
within the language? Doubtless because such an explication, as Kuhn 
elsewhere asserts, would have to articulate this knowledge in the form 
of “rules or generalizations,”?” and this kind of articulation would 
“alter the nature of the knowledge possessed by the community,”?”4 
for he has “in mind a manner of knowing which is misconstrued if 
reconstructed in terms of rules.”?” 

Naturally, if this knowledge isn’t initially stored in the form of rules 
and generalizations, an explication which molds it into such a form 
will, in a certain sense, change its nature. Furthermore, if being implicit 
is an essential attribute of the nature of this knowledge, then any expli- 
cation of such knowledge will, qua explication, fail to capture just this 
kind of knowledge. The philosophy of science shouldn’t neglect the 
possibility, repeatedly emphasized by Kuhn, that the implicitness of 
the knowledge that is built into language will prove important to an 
understanding of scientific development.?” 

This having been admitted, however, it still isn’t clear why the 
content of the knowledge implicit in a system of empirical concepts 
shouldn’t, in principle, be explicable (or, in Kuhn’s terms, ‘“‘fully ana- 
lyzable’’) in the language of which these empirical concepts are part. In 
any case, Kuhn offers no argument for this claim. And in fact, those 
claims to quasi-ontological knowledge sanctioned by the unproblem- 
atic use of empirical concepts learned by means of similarity relations 
can be explicated. No speaker seems to have any special trouble becom- 
ing conscious of the criteria by which he or she successfully distin- 
guishes between the members of neighboring similarity classes. This 
capacity for distinction, unmediated by definitions, is just the basis for 
our expectation that there are no entities which fall in the gaps between 


272. ET, p. xxii. 

273. 1970c, SSR p. 196. 

274. 1974a, ET p. 314, similarly p. 318; 1970c, SSR p. 175, 

275. 1970c, SSR p. 192. 
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similarity classes.*””? The same holds for knowledge of regularities; 
there is no fundamental obstacle to articulating those expectations 
about the behavior of objects in the world that are woven into the fabric 
of concept use. Kuhn admits this indirectly. He asserts of someone who 
has learned to apply “swan” by means of immediate similarity relations 
that “He can point to a swan and tell you there must be water nearby,””°78 
And this, precisely, is the ability to explicate knowledge of a regularity. 

This critique of Kuhn’s claim that knowledge implicit in the use 
of empirical concepts can’t be explicated merits three points of qualifi- 
cation. First of all, we have only claimed that Kuhn fails to demonstrate 
convincingly that such knowledge can’t, in principle, be explicated. But 
this is not to deny that such explication may, in fact, prove extraordi- 
narily difficult. Second, one shouldn’t infer from the in-principle expli- 
cability of such epistemic claims that they must therefore be taken as 
entirely synthetic, that is, completely free of any concept-determining 
function. Denying this assertion is equivalent to asserting the indefin- 
ability of empirical concepts,” for the indefinability of empirical con- 
cepts rests on the fact that the features serving to identify referents and 
nonreferents can’t be divided into those that are defining and those that 
are merely empirically. correlated. With regard to the analytic/synthetic 
distinction, the status of those features alleged to represent “‘knowl- 
edge” of given objects is thus equally ambiguous. In other words, 
the analytic/synthetic distinction isn’t meaningfully applicable to the 
knowledge implicit in empirical concepts. As Kuhn puts if in 1981, 


In much of language learning these two sorts of knowledge— 
knowledge of words and knowledge of nature—are acquired to- 
gether, not really two sorts of knowledge at all, but two faces of 
the single coinage that a language provides.”*! 


Third, the claim that the content of such knowledge might in principle 
be explicated doesn’t contradict Kuhn’s claim that such explication can 
be very misleading, for such explication would indeed assimilate this 
form of knowledge to other, explicit forms of knowledge. Such assimi- 
lation will be misleading to the extent that the inexplicit form of this 
knowledge proves important to an understanding of scientific devel- 
opment. 


277. See § 3.7.a. 

278. 1974a, ET p. 312, emphasis mine; similarly 1970a, ET pp. 285-286. 
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3.8 The Nonneutrality of the Analyst's Viewpoint 


We must now look back over Kuhn’s project of the general analysis of 
the constitution of phenomenal worlds as a whole, since it was left 
open from the very beginning what claims to methodological status 
this analysis might plausibly make. How must Kuhn’s general analysis 
of the constitution of phenomenal worlds be qualified, given the fact 
that the analyst attempting this project can have no neutral standpoint, 
divorced from any given phenomenal word? This problem will turn 
out to be so far-reaching and so complex that our efforts at treating it 
here must necessarily remain provisional and incomplete.” 

It became clear in § 2.2.d that the stimulus ontology, in the version 
on which stimuli were held to be determinate but indescribable by 
us, led to considerable difficulties. To be sure, positing such stimuli 
apparently guarantees neutrality toward all possible phenomenal 
worlds in that it avoids attributing anything to stimuli from the per- 
spective of any given phenomenal world.” But the cost of this neutral- 
ity is the impossibility of identifying (approximately) equivalent stimu- 
lus situations for different observers. This version of the stimulus 
ontology thus becomes unsuited to the task for which it was introduced 
in the first place. Stimulus situations can’t be judged equivalent or 
different in any neutral way, independent of phenomenal worlds (at 
least, if we deny theories of stimuli the ability to capture the one univer- 
sal reality even approximately as it is in itself). 

Similarly, at the beginning of chapter 3, we noted the impossibility 
of carrying out the general analysis of the constitution of phenomenal 
worlds from a standpoint outside the analyst’s phenomenal world. Ini- 
tially, this impossibility holds of the point of departure for such analysis. 
Our phenomenal world may contain source texts in the history of 
science, or assertions made by persons belonging to other cultures, that 
are partially unintelligible. But only under certain special conditions 
will this unintelligibility provide us with a motive for attributing a 


282. Compare the following discussion with the similar critique leveled by Gerhard 
Seel, in Seel 1988, against ‘“‘constructivism in the sociology of science,” as maintained 
by Karin Knorr-Cetina. 

283. In truth, even this posit doesn’t yield strict neutrality vis-a-vis all possible phe- 
nomenal worlds, for it makes the hidden assumption that the genetically subject-sided 
is in itself separate from the genetically object-sided—regardless of how inaccessible the 
two sides, though separate in themselves, might be to us qua separate. This thesis may 
be neutral relative to a particular class of phenomenal worlds, a class which may indeed 
include many of the phenomenal worlds assumed in the sciences. But it is questionable 
whether it even includes all of the phenomenal worlds assumed by the natural sciences, 
for in certain interpretations of quantum mechanics the observer can’t be separated from 
the observed, even in principle (see e.g. Bohm 1980). 
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phenomenal world different from our own to the authors of these texts 
or assertions and for taking the constitution of this alien phenomenal 
world as susceptible to our analysis.” 

First, such alien texts or assertions must be examined along the 
lines suggested by prior experience with texts or assertions from our 
own culture that, though initially completely or partially unintelligible, 
eventually turned out to have some palpable sense. The possibility of 
interpreting certain aspects of the behavior of members of an alien 
culture as successful communication among themselves can contribute to 
our willingness to ascribe some sense to unintelligible texts or asser- 
tions. This interpretation remains hypothetical for so long as we fail to 
understand what’s communicated; but even within our own culture we 
encounter situations which may reasonably be interpreted as communi- 
cation, albeit communication in which we have no part. Such situations 
must be taken as models. 

Second, we must in some way, however rudimentary, be able to 
convince ourselves that the (partial) unintelligibility of the texts or 
assertions of an alien culture might constitute evidence for a phenome- 
nal world different from our own. The results of perceptual psychology 
may show me, for example, that some of my perceptions (and those of 
other members of my culture) are subject to the influence of genetically 
subject-sided, variable factors. The suggestion that perception in gen- 
eral might be influenced by subject-sided factors then becomes plausi- 
ble, along with the corollary that the subject-sided factors might be 
systematically different in different cultures, being the product of sys- 
tematically different learning processes. It follows that the phenomenal 
worlds of two different cultures can be different, in which case the 
empirical concepts characteristic of one will find no precise counter- 
parts in the other. 

Third, we must convince ourselves that an alien phenomenal world 
isn’t in principle inaccessible to someone not at home in it. We might, 
for example, be convinced of the accessibility of other phenomenal 
worlds by our own experience as historians or ethnologists.° This 
conviction may be further supported by ontological and biological ar- 
guments.**” But any conviction that alien phenomenal worlds aren’t 
in principle inaccessible must have certain underpinnings in our own 
phenomenal world. 

But in Kuhn’s work even the execution of a general analysis of the 


284. Some tentative hints at the first of the two points which follow may be found 
in 1970c, SSR, p. 193. 
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constitution of phenomenal worlds is necessarily and fundamentally 
molded by the phenomenal world of the analyst. For this analysis de- 
mands a host of assumptions plausible only relative to the analyst’s phe- 
nomenal world, because they refer to objects in this phenomenal world. 
Most of these assumptions are of the anthropological variety. Kuhn 
assumes a certain learning capacity on the part of humans, allowing 
them to undergo a process of instruction which significantly influences 
their conception of reality.** In order for this learning process to pro- 
ceed along the lines proposed by Kuhn, humans must have certain 
perceptual capacities, including the capacity to understand ostension 
for what it is,28° mastery over certain categories that cannot be learned 
by ostension, and the capacity to understand and use the concepts of 
similarity and negation.” 

The apparent self-evidence and near triviality of most of these an- 
thropological assumptions rests on the fact that every person one en- 
counters appears to have the aforementioned capacities. But in the pres- 
ent context, such assumptions aren’t nearly as harmless as they might 
seem, For they are all undoubtedly propositions, gleaned from the 
natural standpoint and, for the time being, realistically interpreted, 
about objects of a particular phenomenal world, that of the analyst. 
This implies the further assumption that world-constituting people re- 
ally exist, independent of the analyst and of his or her theories about 
them, and have these capacities in themselves and not simply in their 
relation to the analyst. But this is to make assertions with a claim to 
correctly describing, at least approximately, certain objects of the one 
true reality. 

A dilemma similar to that faced by the modified stimulus ontology 
now appears to confront the general analysis of the constitution of 
phenomenal worlds.”?! On the one hand, we can accept the aforemen- 
tioned anthropological assumptions as true in precisely the sense sug- 
gested by the natural standpoint, as at least approximately true state- 
ments about the one reality itself. In that case, there seems no reason 
not to accept those statements about other objects of the “meso- 
cosm”?” that appear just as convincing as our anthropological assump- 
tions, as at least approximately true of reality. But to do so would go 
against the basic thrust of Kuhn’s theory, for Kuhn asserts that, even 


288. Compare § 3.1. 
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in the most elementary empirical concepts learned by ostension, geneti- 
cally object-sided and genetically subject-sided moments interact. So 
if we are to avoid contradicting central portions of Kuhn’s theory, it 
seems that we can’t interpret the anthropological assumptions in which 
the general analysis of the constitution of phenomenal worlds must be 
grounded according to Peircean realism. 

The alternative which presents itself requires that our anthropolog- 
ical propositions’ claims to reality be weakened. It is tempting to do 
so by analogy to the weakened claims to reality associated with the 
first kind of stimulus concept in light of the second.””* More concretely, 
this alternative wouldn’t make the anthropological assertions arbitrary, 
in the sense of being entirely independent of the proprietary features, 
and hence of the resistance, of that which is in itself. But the descrip- 
tions contained in these anthropological assertions would stand in no 
describable relation to any features of that which is in itself. Our an- 
thropological assumptions couldn’t be taken as having any claim even 
approximately to capture the subject-independent reality in its own 
determinacy. Their applicability would be confined to the analyst’s 
phenomenal world, and any objects—if there be such—which, in an- 
other phenomenal world, corresponded to the humans populating the 
analyst’s own phenomenal world, might be incommensurably different 
from people as the analyst sees them.” In this case no analysis of the 
constitution of an alien phenomenal world could have any pretensions 
to capturing it even approximately as it really is. The alien phenomenal 
world which analysis has apparently made accessible would, in truth, 
be only a construction from within the analyst’s own phenomenal 
world, to which it would remain ineluctably relative. An analyst living 
in another phenomenal world could, with equal justification, arrive 
at completely different results (granted that such an analysis is even 
meaningful from the perspective of this other world). Social solipsism 
follows; access to alien phenomenal worlds isn’t possible, for our own 
culture can never be shaken off. 

But isn’t the position of someone attempting a general analysis of 
the constitution of phenomenal worlds, thus described, wholly analo- 
gous to the epistemic position of the natural scientist, as Kuhn describes 


293. Compare §§ 3.2, 3.6.b, and 3.6.c. —The argument for the claim that even the 
most elementary empirical concepts contain subject-sided moments, and, therefore, can’t 
refer to the one reality, only applies to Kuhn’s theory, and not, for example, to Kant’s. 
For Kuhn apparently holds all subject-sided moments of reality to be learned, and thus 
potentially variable. 

294, Compare §§ 2.2.b and 2.2.c, 

295. I will return to discuss the notion of incommensurability, here anticipated, in 
detail in § 6.3. 
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it, and hence tolerable? The epistemic subject in both cases is concerned 
with knowledge of some particular object, an alien phenomenal world 
in the former case, a given natural domain in the latter, and both cases 
can be attacked in different, incompatible (or even incommensurable) 
ways. In the natural sciences, different theories can be evaluated com- 
paratively, and though, according to Kuhn, the theory evaluated as 
better can’t make any claim to capture reality to a closer approximation, 
the natural sciences still qualify as an enterprise characterized by prog- 
ress.?”° If we assume the possibility of comparatively evaluating differ- 
ent theoretical approaches to world-constitution, then we may judge 
that this domain, too, might exhibit scientific progress, without 
thereby making any claim that subsequent attempts to capture the con- 
stitution of reconstructed phenomenal worlds succeed in better approx- 
imating them as they actually are. Anyone who demands of the general 
analysis of the constitution of phenomenal worlds that its reconstruc- 
tions at least approximately capture the originals as they really are 
demands too much, according to the standard of natural science. Ap- 
proximating the truth (let alone actually capturing it) is an unattainable 
goal for humans, even in the natural sciences, and so the analysis of 
the constitution of phenomenal worlds will also have to be content 
with less. 

But it would be inconsistent with the goals of Kuhn’s theory if 
assertions about alien phenomenal worlds couldn’t be interpreted realis- 
tically. For the whole purpose of any attempt to understand alien phe- 
nomenal worlds is to capture them in all their alterity; it is nothing else 
but to grasp them as they are in themselves.” If we abandon our goal 


296. See §§ 5.4 and 7.6 below. 

297. One might object that, since the intended goal of epistemic efforts in natural 
science is, in part, to capture reality as it is in itself, the ineliminable, genetically subject- 
sided moments in knowledge in the natural sciences contradict this goal. And yet there 
seem to be two important differences between the natural sciences and cultural sciences. 
First, in the case of the natural sciences, the presence of genetically subject-sided moments 
in knowledge can be reconciled with these goals by means of an altered understanding 
of “empirical reality.”” Empirical reality, the reality actually accessible to theory and 
practice, is denied subject-independence both in everyday encounters and in science for so 
long as either Kantian (historically invariant) or Kuhnian (historically variable) genetically 
subject-sided moments take part in its constitution. In the cultural sciences, by contrast, 
a similar shift is impossible, for it would consist in the concession that phenomenal 
worlds are never accessible to us as they are in themselves. But this isn’t right, for our 
own phenomenal world is indeed accessible to us as it is in itself, since in the case of this 
world “in itself’ and “for me” collapse (I will shortly return to this issue in the text). 
Second, regardless of how knowledge is characterized in the modern natural sciences, 
natural sciences may be ascribed a purpose in the in-principle technical applicability of 
all their results (see Hoyningen-Huene 1984a, p. 491ff, and Hoyningen-Huene 1989). 
Such potential technological fruitfulness surely can’t be attributed to the general analysis 
of the constitution of phenomenal worlds. 
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of understanding alien phenomenal worlds even approximately as they 
are in themselves, our efforts at understanding seem to lose all purpose. 
For then the reconstructions we produce are pictures or models that, 
thoroughly tied to the analyst’s phenomenal world, needn’t coincide 
even approximately with phenomenal worlds as they are for members 
of alien cultures. And this situation, again, would be social solipsism. 

And indeed Kuhn seems to interpret the results of his general anal- 
ysis of the construction of phenomenal worlds realistically. This view 
resonates with his interpretation of the results of the new internal histo- 
riography of science.””* Nowhere in Kuhn’s work do we find any hint 
that these results might not be interpreted according to Peircean real- 
ism.” On the contrary, many turns of phrase suggest that the new 
historiography finally attempts to understand the history of science as 
it really happened. The new historiography’s goal was just to ‘‘display 
the historical integrity of . . . science in its own time,”*” or to “analyze 
an older science in its own terms.’ Kuhn thus has no compunction in 
claiming that a particular assertion about the history of science ‘‘is 
simply a statement from historic fact, based upon examples,’’*°? or that 
some particular kind of historical narrative has ‘‘the virtue of great 
verisimilitude.’’*°? Relatedly, Kuhn is perfectly willing to class certain 
results of the older historiography as erroneous: 


[The preceding example] illustrates once more the pattern of his- 
torical mistakes that misleads both students and laymen abut the 
nature of the scientific enterprise.*™* 


The use of “mistake” here is highly significant, because, for one, Kuhn 
staunchly opposes describing revolutions in (natural) science as learning 
from mistakes, as Popper would have it.*° In addition, Kuhn holds 
the classification of abandoned or obsolete positions as ‘‘mistakes”’ to 
be inappropriate in epistemology, as well: 


298. Compare § 1.2.c. 

299. Kuhn’s 1980a, alone of all his work, might be taken to suggest the rejection of 
a Peircean realist interpretation of historiography. For here he alludes to the view that 
all so-called historical facts contain an interpretive moment, summarized by him in the 
sentence “History is interpretive throughout” (1980a, p. 184). And yet the point of the 
pursuit (interpretive and otherwise) of historical fact is to be able to produce ‘“‘narratives 
that aim to say what occurred and make it plausible” (1980a, p. 185). The interpretive 
moment in historiography thus appears to Kuhn to be compatible with its realist reading. 

300. SSR, p. 3, emphasis mine; similarly 1970e, p. 68; 1977b, ET p. 11. 

301. SSR, p. 167 n. 3, emphasis mine; similarly 1984, p. 250. 

302. SSR, p. 77, emphasis mine; similarly p. 96. 

303. SSR, p. 147. 

304. SSR, p. 142, emphasis mine. Several such mistakes are discussed on this page. 

305. 1970a, ET pp. 277-280. 
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this very usual view of what occurs when scientists change their 
minds about fundamental matters can be neither all wrong nor 
a mere mistake. Rather it is an essential part of a philosophical 


paradigm.*° 


All this indicates that Kuhn sees the transition to the new internal 
historiography of science as a transition to a historiography entitled to 
realistic interpretation.*” 

Some critics have, understandably, seen Kuhn’s realistic reading of 
historiographic results as the source of an internal contradiction in his 
theory.°°? What arguments could be adduced in support of a position 
claiming that the historiography of science and the general analysis of 
the constitution of phenomenal worlds can be interpreted according to 
Peircean realism*” while prohibiting such interpretation for the results 
of natural science??!° As far as this question is concerned, is there any 
relevant difference between the natural sciences and the sciences which 
describe, analyze, and explain alien world views? 

There does appear to be a strategy which would allow us to grant 
the cultural sciences a status different from the natural sciences. This 
strategy proceeds from the assumption that cultural scientists always 
have one case at their disposal in which their knowledge of a particular 
world view as it is in itself can be taken as fact. This is the case of 
knowledge of our own world view, for here and only here “in itself” 
and “for me” coincide.*!! And so knowledge of alien world views can 
be represented primarily in terms of their divergence from our own. 
This representation shows how the components diverging from our 


306. SSR, p. 121, emphasis mine. 

307. Q.v. 1983a, p. 671, where Kuhn claims to see “no limits of principle’? on the 
efforts of historians and ethnologists. 

308. E.g. Giedymin 1970, pp. 257-258 n. 1; Holcomb 1987, p. 475; Munz 1985, p. 
118; Phillips 1975, pp. 58-60; Radnitzky 1982, p. 71; Scheffler 1967, pp. 21-22, 74, and 
1972, pp. 366-367; Shapere 1964, p. 397; g.v. Curd 1984, pp. 3-4. —Also compare the 
analogous criticism of Feyerabend 1984 in Hentschel 1985, p. 388, with n. 9. 

309. Compare § 2.2.e. 

310. The idea that the cultural sciences might have better epistemic prospects than the 
natural sciences was, apparently, first expressed by Vico: “Whoever reflects on this 
cannot but marvel that the philosophers should have bent all their energies to the study 
of the world or nature, which, since God made it, He alone knows; and that they should 
have neglected the study of the world of nations, or civil world, which, since men had 
made it, men could come to know” (Vico 1744, Book 1, part 3, trans. Bergin and Fisch 
{Ithaca: Cornell, 1968], p. 96). Vico’s argument for this thesis makes explicit use, broadly 
speaking, of certain anthropological assumptions; Kuhn is forced to the same course, as 
we shall see later. 

311. I by no means wish to claim that knowledge about one’s own world view is 
unproblematic. Still, there does seem to be something like “privileged access” to one’s 
own world view. 
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world view relate to one another in such a way as to produce a total 
world view whose appeal, like that of our own world view, lies in its 
virtues as a candidate picture of reality itself.*!? Of course, this kind of 
reconstruction of an alien world view is subject to error. Still, a more 
or less accurate reconstruction doesn’t seem fundamentally impossible. 
For, to begin with, we already know one exemplary member of the 
class of world views that we can attempt to reconstruct just as it is in 
itself. Our own world view may or may not have an exemplary charac- 
ter with regard to other world views; but it serves above all as a point 
of departure for any reconstruction of an alien world view. And so the 
alien world view is presented through its deviations from our own. As 
to whether these deviations can be captured more or less as they are in 
themselves, we have evidence from the history of European science for 
the historical continuity between different world views suggesting that 
they can. The cultural sciences thus appear actually to have an access 
to alien world views that allows them to be captured more or less as 
they are in themselves. By contrast, according to Kuhn, the natural 
sciences, as far as the real nature of things is concerned, are forever 
stumbling in the dark, simply because they have no special case that, 
known for what it is-in itself, could serve as a point of departure for 
further inquiry into nature. Progress in the natural sciences, which 
Kuhn never denies, can’t be interpreted as drawing closer to the 
truth. *! 

But this argument for separating the epistemic standards’placed on 
the natural and the cultural sciences runs afoul of the problem that it 
contains certain premises whose justification is less than transparent. 
For one, the argument makes anthropological assumptions, taking 
those capacities which play a role in world constitution as more or less 
strictly universal. In addition, alien world views are accessible only 
through certain channels, namely sources physically at hand, from 
which all information on alien world views is derived. These sources 
must exhibit a degree of physical persistence in order for them to func- 
tion as bearers of meaning. Both kinds of assumption are normally, 
that is, from the natural standpoint, relatively unproblematic. They are 
not unproblematic, however, in the context of our present argument. 
For under the assumption that physical reality is never accessible to us 
as it is in itself, it becomes questionable how both anthropological 
assumptions and the assumed physical persistence of sources can be 
justified relative to a plurality of phenomenal worlds. 

If a satisfactory solution to these fundamental problems should 


312. See, for example, Kuhn’s representation of the Aristotelian view in his 1981, 
pp. 9-12. 
313. See § 7.6.d below. 
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present itself, the realistic interpretation of both historiography and the 
general analysis of the constitution of phenomenal worlds would be 
permissible. One further problem for the general analysis of the consti- 
tution of phenomenal worlds remains, however. This analysis makes 
claims to generality, or applicability to all phenomenal worlds. A proof 
that the results of such analysis can be interpreted realistically would 
still not allow us to cash out these claims, because the analysis might 
stray arbitrarily far from the truth for many (or even all) phenomenal 
worlds. How might we show that the general analysis of the constitu- 
tion of phenomenal worlds actually generates results which hold for 
all phenomenal worlds? The most appealing strategy involves con- 
firming the analysis in concrete individual cases. But even if this con- 
firmation is successful for all past phenomenal worlds known to the 
historian, no real claim to universality can be asserted, for nothing 
ensures that the discovered factors in the constitution of this class of 
phenomenal worlds really apply to all phenomenal worlds. It might be 
that phenomenal worlds in the examined class were all constructed in 
comparable ways because they all belong to a common, more or less 
narrow tradition. This suspicion is especially troublesome when all test 
cases have been taken from the history of European science. 

An approach that takes the anthropological basis of world constitu- 
tion into account appears to offer the only prospect for a more rigorous 
justification of claims to universality. This approach requires that we 
know which capacities needed for the constitution of a phenomenal 
world humans come equipped with and which are developed over the 
course of interaction with the environment. If our knowledge of the 
anthropological foundations of world constitution is solid enough, we 
will presumably be able to make universal claims about the processes 
and structures which must necessarily participate in world constitution. 
It might, for example, turn out that the reason ostension is such a 
necessary moment in an individual’s access to the world is that the 
individual is, in virtue of his or her capacities and limitations, depen- 
dent on an ostension-based learning process in order to gain access to 
any world in the first place. But this, of course, is mere speculation. 
In any case, the strategy outlined above faces the problem, discussed 
earlier, of establishing the universality of its anthropological assump- 
tions in such a way as to remain consistent with other portions of 
Kuhn’s theory, if these portions aren’t to be sacrificed. 


Cor Ay RS SE GR FOUR 


The Paradigm Concept 


THE LAST CHAPTER LEFT LARGELY OPEN how a network of similar- 
ity and dissimilarity relations, the learning of which is necessary in 
constituting a phenomenal world, acquires its fixed points. I con- 
tented myself with mentioning that, in Kuhn’s theory, these fixed 
points are the objects of ostension and are called paradigms.'! Now, 
“paradigm” is the label for what has become the best-known part of 
Kuhn’s theory—best-known, at least, by name. In the most diverse 
scientific fields, paradigms are discussed or their existence denied;” as 
Margaret Masterman put it so nicely at the end of the 1960s, “in new 
scientific fields particularly, ‘paradigm’ and not ‘hypothesis’ is now the 
‘OK word.’ ’”° “Paradigm” is here being used in a much broader sense 
than that originally intended by Kuhn. Accordingly, our first task is 
to ask in precisely what sense and for what purpose Kuhn originally 
introduced the paradigm concept (§ 4.1). 

It’s by no means the case that all blame for this broader use of the 
notion of a paradigm should be laid at the feet of Kuhn’s readers. On 
the contrary, Kuhn himself uses the paradigm concept in broader senses 
quite shortly after its introduction. The vagueness of what is, after all, 
a central concept of Kuhn’s theory is also a reason this notion so quickly 


1. Compare § 3.3. 

2. A selection can be found in Gutting 1980’s bibliography, pp. 330-339; also see 
e.g. Barnes 1982; Barnett 1977; Bayertz 1981b; Bluhm 1982; Bohler 1972; Briskman 
1972; Bryant 1975; Coleman and Salamon 1988; Crane 1980 and 1980a; Engelhardt 1977; 
Eysenck 1983; Harrey 1982; Haverkamp 1987; Hodysh 1977; Jauss 1979; Kobi 1977; 
Merton 1945; de Mey 1982; Meyer-Abich 1986, p. 120; Percival 1976 and 1979; Perry 
1977, Postiglione and Scimecca 1983; Roth 1984; Riisen 1977; Schmidt 1981; Schorsch 
1988, pp. 24-31; Seiler 1980; Shrader-Frechette 1977; Spaemann 1983b, pp. 111-122; 
Strug 1984; Thimm 1975; Toellner 1977; Térnebohm 1978; Trenckmann and Ortmann 
1980; Weimer and Palermo 1973; Winston 1976; young 1979, and many others. 

3. Masterman 1970, p. 60. 
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became the focus of criticism.* In response, Kuhn attempted to set this 
criticism to rest by distinguishing the two chief meanings of the para- 
digm concept. Furthermore, he also sought to shift both meanings 
slightly away from those given the paradigm concept in SSR. In § 4.2 
we will trace the development of the paradigm concept from its first 
and narrowest construal, through the period of its expansion and in- 
creasing ambiguity, to its later development in terms of the distinctions 
undertaken by Kuhn in 1969. This progression can be seen as the sec~ 
ond chief line of development in Kuhn’s thought.° 

The 1969 differentiation of the paradigm concept resulted in the 
notion of a disciplinary matrix. This notion will be discussed in § 4.3, 
There we will be especially concerned to inquire what relations the 
so-called components of the disciplinary matrix bear toward one an- 
other. In the process, we will come to understand both how the original 
paradigm concept could become so ambiguous and why Kuhn stops 
using the term ‘“‘disciplinary matrix” after 1969, 

Finally, in § 4.4, we will discuss the function of paradigms in their 
narrowest sense, as exemplary problem solutions, in Kuhn’s philoso- 
phy of science. 


4.1 Reasons for Introducing the Original Paradigm Concept 


According to Kuhn, the discovery that many historical and contempo- 
rary fields, especially fields of modern science, operate in research tradi- 
tions resting on a relatively firm consensus among the participating 
specialists® serves as the point of departure for the introduction of the 
paradigm concept.’ Regardless of whether or to what degree this con- 


4. A selection: Austin 1972; Buchdahl 1965; Erpenbeck and Réseberg 1981, pp. 441 ff: 
Hall 1963; Masterman 1970; Réseberg 1984, pp. 25ff; Schramm 1975; Shapere 1964, 
1966, pp. 70-71 and 1971; Suppe 1974a; Toulmin 1963; Wisdom 1974. On this issue, cf. 
Stegmiiller 1973, pp. 195-207, who in contrast to many other critics identifies precisely 
the function Kuhn had in mind for the notion of a paradigm: Kuhn 1976b, p. 182; q.v. 
Cedarbaum 1983. 

5. As Kuhn puts it in 1969, “No aspect of my viewpoint has evolved more since the 
book was written” (1970b, p. 234; similarly 1970c, SSR p. 174). —The other main 
line of development is the transition from the perceptually oriented conception of the 
phenomenal world to a more strongly linguistically oriented conception: compare §§ 
2.3, 3.6.d. 

6. But recall the limiting qualifications placed on the status of apparently competi- 
tionless communities, discussed in § 1.1.b. 

7. On the history of the paradigm concept before its famous use by Kuhn, see above 
all Cedarbaum 1983; also Blumenberg 1971; Toulmin 1973, pp. 106-107; Cohen 1985, 
p. 519. None of these authors mentions the fact that Neurath, Schlick, and Cassirer 
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sensus will prove truly monolithic on closer scrutiny, phases of scien- 
tific development characterized by such consensual traditions can easily 
be distinguished from those phases in which there is no universal con- 
sensus at all among the specialists in a given field. Contemporary 
examples of fields with no universal consensus can be found in most 
of the social sciences. But phases in which this universal consensus was 
lacking can be found even in most? of the natural sciences, either by 
going back to the period before the first consensus or by seeking out 
phases of scientific development between the collapse of an old consen- 
sus and the forging of a new one.'° In his 1959a, Kuhn calls the phases 
before consensus and with consensus the “‘preconsensus phase”’ and the 
phase with “firm consensus,” respectively.'' This same distinction is 
preserved in SSR and 1963a, though the two phases are called ‘“‘prepara- 
digm” and ‘“‘paradigm”’ periods;! the motivation behind this new ter- 
minology will soon become clear. 

Two chief questions arise with regard to the existence of such a 
universal consensus in a given scientific field: 


1. What, precisely, is the object of this consensus? This question arises 
in light of the implausibility of assuming the consensus to apply 
indiscriminately to all topics of scientific communication. 

2. By what means is such consensus produced, both in the realm of 


also discuss paradigms. In his critique of Popper’s Logic of Scientific Discovery, Neurath 
frequently uses “‘paradigm” in the sense of an ‘ideal model” (Neurath 1935, pp. 353, 
357, 361). Schlick uses it to mean, roughly, an ‘‘exemplary case” in his Allgemeine 
Erkenntnislehve and in his Winter 1933-34 lecture (Schlick 1918, second edition 1925, 
chap. 7, end of first paragraph; Schlick 1933-34, p. 45). Lichtenberg, who according to 
Toulmin and Cedarbaum first introduced the notion of a paradigm, wasn’t unknown to 
Schlick, as evidenced by Schlick’s reference to him in chap. 20 of his Erkenntnislehre. 
But Schlick’s use of ‘“‘paradigm” may also have been mediated by Cassirer’s (1910) 
Substanzbegriff und Funktionsbegriff; on p. 243 he speaks of “paradigms’’ (emphasized in 
his text) in the sense of exemplary illustrations (of certain principles and theorems of 
pure mathematics). Schlick cites Cassirer’s work in chap. 40 of his Erkenntnislehre. 
—Finally, it should be noted that Kuhn cites a work in SSR, p. 63 n. 12, whose title 
contains the term ‘‘paradigm’’: Bruner and Postman’s ‘On the Perception of Incongruity: 
A Paradigm.” 

8. 1959a, ET p. 227; SSR pp. vii-viii, 43; 1963a, pp. 349, 351; 1963b, pp. 387~388; 
ET pp. xvili—xix. 

9. Possible exceptions are those fields formed by the splitting or merging of fields 
with consensus: 1959a, ET p. 231; SSR, p. 15; 1963a, p. 353. 

10. 1959a, ET pp. 230-232; 1961a, ET pp. 187 n. 11, 222; SSR, pp. viii, 11-15, 21, 
and elsewhere; 1963a, pp. 353~357. 

11. 1959a, ET pp. 231-232. 

12. 1963a, pp. 353-359; SSR, pp. 47, 163, and elsewhere. 

13. A further designation for the periods with firm consensus is “normal science.” I 
will return to discuss this notion in detail in § 5.1. 
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scientific training and within the scientific community at large in 
concluding a phase of dissent? 


These questions are not, of course, independent; as we shall soon 
see, they can be regarded as two of Kuhn’s approaches to the same goal, 
that of understanding the specifics of universal scientific consensus. The 
first three publications in which Kuhn discusses the paradigm concept 
differ in their ordering and weighting of the two approaches, among 
other points. '* 

The “‘concrete problem solutions that the profession has come to 
accept’! are basic to the total domain spanned by a scientific commu- 
nity’s consensus. Though the scientific community’s consensus isn’t 
confined to these concrete problem solutions, they constitute a particu- 
larly important part of it, the part of greatest interest to the philosophy 
of science.!© As Kuhn puts in his later clarification of the paradigm 
concept, 


One sense of ‘paradigm’ is global, embracing all the shared com- 
mitments of a scientific group; the other isolates a particularly 
important sort of commitment and is thus a subset of the first." 


The concrete problem solutions include, for one, those solutions en- 
countered by students in the course of their training, in lectures, exer- 
cises, laboratory assignments, text books, and so on. They also encom- 
pass problem solutions equally accepted by the appropriate community 
but found only in the technical literature.'® Consensus on particular 
problem solutions must evidently consist in at least two different con- 
sensual moments: agreement that a particular situation, articulated in a 


14. 1959a is almost exclusively concerned with the issue of training, as it was pre- 
sented at a conference on the identification of scientific talent to an audience in which 
psychologists predominated. SSR begins with reflections on the history of science and 
only later takes up the issue of training (pp. 46-47). Kuhn’s 1963a begins with the issue 
of training, and then quickly turns to the history of science, as it was presented at a 
symposium on this field. 

15. 1959a, ET p. 229, and identically 1963a, p. 351; similarly SSR, pp. viii, 10, 11, 
42, chap. 5 and elsewhere; 1963a, pp. 351-352; 1963b, pp. 392-393; 1969c, ET p. 351; 
1974a, ET p. 298; 1970b, pp. 235, 272; 1970c, SSR pp. 186-187; 1974b, pp. 500-501; 
ET, p. xxii; 1984, p. 245. —In 5.3 we will discuss the genus to which such scientific 
problems typically belong. 

16. 1970b, p. 235; 1974a, ET p. 298; 1970c, SSR pp. 175, 181, 187. 

17. 1974a, ET p. 294; similarly 1970c, SSR p. 175. —In § 4.3.e we will attempt to 
resolve the question of whether we can really speak of concrete problem solutions as 
forming a “subset”’ of the set of shared commitments. 

18. SSR, p. 43; 1974a, ET pp. 305-307; 1970b, p. 272; 1970c, SSR p. 187. —Any 
division of problem solutions into these two classes won’t, of course, remain constant 
over time. 
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particular way, constitutes a scientific problen, and agreement that a 
particular way of dealing with the problem constitutes a scientifically 
acceptable solution to it. 1 will return to these components later. !? 

But first we must ask what it means for a given community to 
accept concrete problem solutions; what are they accepted as? This 
question demands a specification of the parameters of consensus as it 
applies to concrete problem solutions. Kuhn’s answer is that these con- 
crete solutions to particular problems are accepted not merely as what 
they are in themselves but also insofar as they provide guides for research, as 
the basis of scientific practice.” Two aspects of consensus can now be 
distinguished. The first is the locally normative aspect, according to 
which a proposed problem solution is accepted as the appropriate solu- 
tion to a problem. The second is the globally normative aspect, which 
consists in the mandate to generalize the locally normative aspect, pro- 
jecting it on further research in the relevant field.*! The globally norma- 
tive aspect of consensus on concrete problem solutions, their function 
as exemplars, is what led Kuhn to call them “paradigms.” In § 4.4 we 
will discuss how the special way in which paradigms are recognized 
affects the conduct of research. For now we must ask how Kuhn justi- 
fies his claim that concrete problem solutions constitute a particularly 
important element of the research-governing consensus of a scientific 
community. 

Kuhn’s argument proceeds comparatively, by showing that con- 
crete problem solutions take priority over other candidatés for the es- 
tablishment and maintenance of the form of consensus peculiar to a 
scientific community.” The other candidates Kuhn mentions are ‘‘con- 
cepts,”’** “conceptual models,’’” “definitions, ’”’*° “defining characteris- 


tics of . . . quasi-theoretical terms,””’ “‘laws,”’* “‘theories,”” “points 

19. See §§ 4.4.b and 4.4.c. 

20. E.g. 1959a, ET p. 235; SSR pp. 10, 100, and many others; 1963a, pp. 351-352. 
Kuhn repeatedly uses the term “consensus” to indicate the second aspect of consensus. 

21. This distinction between the two aspects of consensus only approximate Kuhn’s 
distinction between the “cognitive function” and the “‘normative function” of paradigms 
(SSR, p. 109). In this passage, ‘“paradigm”’ is used in its broad sense, as is clear by the 
end of the paragraph in which this distinction is introduced. 

22. The English word ‘“‘paradigm,” however, is inadequate to Kuhn’s purposes inso- 
far as it suggests the arbitrary substitutivity of similar exemplars; SSR, p. 23; ET, 
p. XIx. 

23. For what follows, see also Lugg 1987. 

24. SSR, pp. 11, 46. 

25. 1963b, p. 391. 

26. SSR, p. 47; similarly 1974b, p. 511; ET, p. xix; 1984, p. 245. 

27. ET, p. xviii. 

28. SSR, pp. 11, 46; 1970c, SSR p. 191. 

29. SSR, pp. 11, 46; 1970c, SSR pp. 187-188; 1969c, ET p. 351. 
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of view,” “(explicit) rules,’”’*! “‘(fundamental) assumptions,” “prin- 


ciples,”** (explicit) generalizations,’ “‘rationalizations (of para- 
digms),”’*> “logically atomic components (of paradigms),”’*° and ‘“‘ab- 
stract characteristics (of paradigms).””*” 

What does this rather heterogeneous list address? Kuhn aims to 
establish that the globally normative aspects of consensus involve more 
than consensus over explicit and unequivocal guides to action (whether 
absolute or conditional). For paradigms serve “implicitly to define the 
legitimate problems and methods of a research field for generations 
of practitioners.” It follows that consensus isn’t primarily, let alone 
exclusively, established by the following sorts of elements: 


—by explicit definitions of concepts, that is, by explicit necessary 
and sufficient criteria for concept application; these would pro- 
vide explicit guides to action in concept use; 

—by laws or theories conceived in abstraction from their con- 
summated application to concrete individual cases, where such 
theories are considered unequivocally applicable to all possible 
cases; 

—by any kind of explicit, unequivocal methodological precepts, 
such as recipes for problem choice, the evaluation of problem 
solutions, crisis identification, theory improvement, theory 
evaluation, theory comparison, theory rejection, and so 
forth. 


Kuhn calls all such explicit guides to action “rules,” in slight departure 
from common usage. Concrete problem solutions consensually ac- 
cepted by the community, by contrast, play their globally normative 
role in an implicit way, serving as exemplary models for scientific 
practice, as a source of analogies.*° 

How might one demonstrate that concrete problem solutions, not 
rules in the abovementioned sense, are dominant in the establishment 


30. SSR, pp. 11, 42. 

31. SSR, pp. 42-49, 88; 1974a, ET pp. 302-307, ET pp. 318-319; 1970b, pp. 272- 
273; 1970c, SSR pp. 175, 187, 191; 1974b, p. 511; 1984, p. 245. 

32. SSR, pp. 42, 44, 45, 46, 49, 88; 1963b, p. 391. 

33. SSR, p. 43. 

34. SSR, p. 43; 1970a, ET pp. 284-288; 1974a, ET pp. 302 n. 11; 1970b, pp. 274-275. 

35. SSR, pp. 44, 49. 

36. SSR, p. it. 

37. SSR, pp. 44, 46. 

38. SSR, p. 10, emphasis mine; similarly pp. 16-17. Compare references to Polyani’s 
“tacit knowledge” in n. 269 to § 3.7. 

39. See § 4.3.c below. 

40. 1984, p. 245. —See § 4.4 below. 
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and maintenance of scientific consensus? Kuhn’s demonstration consists 
in the following four arguments. 


1. When a historian (or a contemporary) examines a research tradi- 
tion with an eye toward its consensual moments, finding a core of 
common, concrete problem solutions is, in general, unproblematic. 
The coherence of the research tradition associated with this core is a 
consequence of the fact that scientists find and process their research 
problems by forming analogies to these exemplary problem solu- 
tions.*! By contrast, the search for a set of rules which exhaustively deter- 
mine a community’s research practice generally isn’t sussessful; individual 
such rules may exist, but they aren’t enough to explain the research 
tradition’s coherence. Even the attempt to reconstruct a set of rules 
assumed to underlie research practice implicitly generally misses its 
mark,” 

The factual possibility of concrete problem solutions’ taking prece- 
dence over rules (in the above sense) is grounded in the truth of the 
following proposition.*? A consensus over the concrete problem solu- 
tions that govern a common research practice doesn’t imply that there’s 
also agreement about the characteristics of this research practice, char- 
acteristics that, because of their inarticulacy, can only be gained by 
reflecting on the practice itself. In short, sharing a common practice 
doesn’t imply sharing a common theory about that practice. For re- 
search guided by paradigms, this means that explicit definitions of 
concepts and methodological precepts of the kind that can only be 
extracted by reflection on the research tradition aren’t necessarily part 
of the consensus. They are thus ruled out as the primary vehicles of a 
research tradition’s coherence. 


2. The fact cited in (1) also has its expression in scientific training. 
The contents of science—concepts, laws, theories—are always learned 
together with exemplary problem solutions, concrete problem solu- 
tions which function as more than mere illustrations. They serve, above 
all, to fix the meanings of the concepts they employ. An important 
moment of scientific knowledge thus resides in them. 


41. Compare § 3.6.3. —The fact that we are indeed concerned with basic science 
becomes important here, for the identification problems in the applied sciences, espe- 
cially, may be determined by external factors; compare § 1.1.a. 

42. SSR, pp. 42-46; 1970a, ET pp. 284-288; 1974a, ET pp. 302-319; 1970b, pp. 
273-275; 1970c, SSR pp. 187-198; 1979b, pp. 412-415; 1981, pp. 19-21; 1984, p. 245. 
—Also see § 3.6.f, as well as Dreyfus 1979, chap. 8, on the whole complex of problems 
surrounding rules. 

43. Compare SSR, p. 44. 

44. SSR, pp. 46-47, 80; 1970a, ET pp. 284-288; 1977b, ET p. 17; 1974a, ET pp. 
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3. The primacy of concrete problem solutions over rules as vehi- 
cles for the globally normative aspect of research consensus is also 
indirectly confirmed by the fact that debates over rules arise primarily 
in times when consensus over concrete problem situations is lacking 
or oscillates. The need for explicit rules comes about only when the 
actual bearers of consensus fail to fulfill their function. 

This historical fact about science initially only allows us to infer 
that an existing research consensus isn’t primarily borne by explicit 
rules. But we must further accept that the aforementioned debates gen- 
erally don’t lead to any consensus about explicit rules. This failure is 
easily explained under the assumption that there are no rules which 
serve, even implicitly, as sufficient guides to action in research. 


4. Finally, the great abundance of sciences, and especially the abun- 
dance of specialties within larger fields, can be better explained by 
reference to problem solutions than to rules. For different groups of 
specialists who agree on general research methodology and on which 
theories to apply differ precisely in their particular applications of the- 
ory, in the concrete problem solutions on which the work of each 
group is based.” 

But this argument for the primacy of problem solutions over rules 
in establishing scientific consensus isn’t convincing. For different prob- 
lem solutions could fulfill their social function, the microstructuring of 
scientific communities, through the operation of unconscious rules. In 
his 1969 papers, Kuhn modifies the argument accordingly.*” He now 
asserts that, by comparison with certain rules also subject to consen- 
sus, concrete problem solutions are most suited to fixing the micro- 
structure of the scientific community. We may want to agree, but this 
claim is irrelevant to the question currently under discussion. 


The first of the four arguments is the most important and the one 
to which Kuhn dedicates by far the most space. This argument attempts 
to demonstrate directly the priority, in the consensual practice of re- 
search, of concrete problem solutions over rules, where “rules” is un- 
derstood to refer primarily to explicit definitions of concepts and to 
general laws and theories conceived in abstraction from any application 
to individual cases. We may indeed find laws and theories as compo- 
nents of a consensus, but taken in themselves, apart from any concrete 


306-307; 1970b, pp. 272-275; 1970c, SSR pp. 187-191; 1974b, p. 501. —Compare 
§§ 3.6.e and 3.7. 

45. SSR, pp. 47-49, 

46. SSR, pp. 50-51. 

47. 1974a, ET p. 307 n. 17; 1970c, SSR p. 187. 

48. The “symbolic generalizations” are meant here: see § 4.3.a below. 
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application, they are too little specified or have too little content to 
determine consensually either how they should be applied or in which 
problem situations they should be applied with sufficient precision.” 
But in what way is this missing content, the content over which a 
scientific community with a common research practice must have mas- 
tery, supplemented? Certainly not by explicit definitions of the appro- 
priate concepts, for these play a minimal role in scientific practice. 
Nor can this content be adequately reconstructed by means of explicit 
definitions. It consists rather in the immediate similarity relations 
learned by means of concrete problem situations.*! This same relation- 
ship between rules and concrete problem solutions is also expressed in 
the second argument, but from the different perspective of scientific 
training. 

Have we thus cashed out Kuhn’s claim to have established the 
priority of concrete problem solutions over rules? As it stands, this 
question has no simple affirmative or negative answer. We must first 
distinguish between different types of rules. 


1. Concrete problem solutions take no priority over rules in the 
sense of laws or theories, where these laws and theories are used in 
determining the referents of their component empirical concepts; in- 
deed, this is precisely the role Kuhn wishes to reserve for them.” In 
this case, concrete problem solutions and laws or theories form an 
indivisible unit: on the one hand, a law or theory is unintelligible with- 
out an adequate number of applications, for its empirical concepts are 
underdetermined; on the other, individual problem solutions are un- 
connected with one another and only partially intelligible without the 
law or theory whose applications they embody to lend them unity.°? 


2. Concrete problem situations do, however, have priority over 
rules in the sense of explicit definitions, for more or less adequate explicit 
definitions of employed empirical concepts can only be gleaned by 
abstraction from concrete problem solutions.” But still, concrete prob- 
lem solutions can’t be taken as independent of the laws and theories 
which participated in the determination of the referents of the empirical 


49. 1970a, ET p. 284; 1970c, SSR p. 188. —Compare § 3.6.e. 

50. Compare § 3.6.f. 

51. Compare §§ 3.6 and 4.4.a below. 

52. Compare § 3.6.e. 

53. In Hegelian terms: Theory or law on the one hand and applications on the other, 
as a concrete-universal, form a dialectical unity, whose moments are inseparable from one 
another; each moment contains the other within it. I will return to this relationship in 
§ 4.3.¢. 

54. Compare § 3.6.f. 
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concepts occurring in them; these laws and theories are rather a mo- 
ment in the problem solutions. 

In conclusion, we note that Kuhn sometimes refers to “the priority 
of paradigms” in another sense. In this sense, the expression concerns 
paradigms in the broad sense, namely, the whole of a scientific consen- 
sus. Paradigms in this sense enjoy priority over all three kinds of rules: 
explicit definitions, laws and theories, and methodological precepts. 
For such “‘rules”’ can be read off the totality of scientific consensus only 
by abstraction,” and to this extent they are indeed secondary. 


4.2 The Development of the Paradigm Concept 


Kuhn’s writings didn’t stick to the original meaning of the paradigm 
concept. Paradigms in their original sense are, according to their first 
appearance on the scene, “‘concrete problem solutions that the profes- 
sion has come to accept.’’*”? But Kuhn soon used the paradigm concept 
in other senses, in works composed around the same time as SSR and 
even in SSR itself, without being fully aware that he was doing so. 
Finally, in his 1969 papers, he consciously changed the paradigm con- 
cept in response to criticism provoked by its ambiguity. These con- 
scious changes can be seen as a second chief line of development in 
Kuhn’s thought to date,** though this development consists far more 
in the correction of earlier formulations and the explication of earlier 
allusions than in any substantial retraction. “On fundamentals my 
viewpoint is very nearly unchanged,”*’ says Kuhn ten years after first 
introducing the paradigm concept; this concept, as before, remains 
“the central element of what [he takes] to be the most novel and least 
understood aspect of this book [SSR] and thus of his philosophy of 
science as well. In this section, I will sketch this second line of develop- 
ment in Kuhn’s thought. Later we will be in a position to try to make 
sense of certain aspects of the development.°! 


55. Such is the title of chap. 5 of SSR; see also p. 11. 

56. SSR, pp. 11, 42, 43. In § 4.3.e it will become clear that this process is indeed 
one of abstraction, not simply the separate inspection of parts, components, or elements 
of the whole. 

57. Compare § 4.1. 

58. The first chief line of development was the transition from the more perceptually 
oriented to the more linguistically oriented conception of the phenomenal world and its 
construction; compare especially §§ 2.3 and 3.6.d. 

59. 1970c, SSR p. 174. 

60. 1970c, SSR p. 187; similarly 1974a, ET p. 294; 1970b, pp. 234-235. 

61. See § 4.3.e. 
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Before Kuhn introduced the concept of a paradigm in his 1959a, 
those passages of his work in the history of science where one would 
later have expected to find talk of paradigms make quite traditional 
use of theories, theory applications, belief, views, and, as a gloss on 
“theories,” “conceptual schemata.” This emphasis on the conceptual 
moment of theories is largely continuous with the predominance of the 
conceptual aspect in the later notion of a paradigm,” and accordingly, 
the use of such expressions as “conceptual transformation” with regard 
to scientific revolutions remains prominent as well.“ 

In examining the development of Kuhn’s paradigm concept after 
1959, we should distinguish two parallel streams. One involves the 
bifurcation of the paradigm concept into “disciplinary matrix” and 
“exemplar”’ (§ 4.2.a), while the other leads to a weakening of the para- 
digm concept (§ 4.2.b). 


a. From “Paradigm” to “Disciplinary Matrix’? 


One development in Kuhn’s thought, initially unnoticed by him, took 
place between the first use of the paradigm concept in his 1959a and 
its famous appearance in SSR. This development was, in his own judg- 
ment, responsible for much of the confusion surrounding the paradigm 
concept.® It is especially in evidence in his 1963a, which was composed 
in 1961, immediately after the first version of SSR. The point of 
departure for this development is the paradigm conceived as a generally 
accepted exemplary problem solution, of the sort found in scientific 
textbooks.©’ Next Kuhn uses “paradigm” to refer not only to such 
problem solutions but also to the scientific classics serving as models 
for scientific practice. “Paradigm” is then applied to the theories con- 
tained in these classics.” Finally, “paradigm” encompasses everything: 
a generally accepted theory including exemplary problem solutions, 


62. E.g. 1952a, pp. 27, 36; 1957a, pp. 36-41, 75-77, and elsewhere (see index, 
p. 293). 

63. See § 4.4.a below. 

64. E.g. 1952a, p. 14; 1955a, p. 95; 1957a, Pp. vii, 1, 183, and elsewhere; see chap. 
6 below. 

65. 1974a, ET pp. 318-319; 1970b, p. 234; 1970c, SSR pp. 181-182; ET, pp. 
xvili-xx, and elsewhere. —Here and in what follows, I will cite 1974a, 1970b, 1970c, 
and 1974b in the order of their composition, not their publication; see 1974b, p. 500 
n. 2 and ET, p. xx and n. 8. on this order. 

66. 1963a, p. 347 n. 1; 1970b, p. 249; ET p. xviii n. 6. 

67. 1959a, ET pp. 229-238 passim; 1963a, p. 351. 

68. The transition to this new meaning can be found in 1963a, pp. 351-352. 

69. 1963a, pp. 356 and n. 2, 367. 
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governing research, with implications for what there is in the world, 
how it behaves, what questions we may ask about it, what methods 
may be used in pursuit of these questions, and what answers we may 
expect.” “Paradigm” now refers, as Kuhn later admits, to everything 
subject to professional consensus in a given scientific community.’ In 
SSR, too, ‘“‘paradigm”’ is used in narrow and broad senses, in both of 
which paradigms have a variety of functions.” Thus Margaret Mas- 
terman was led, in a remark often quoted (sometimes with delight), to 
claim that Kuhn uses “‘paradigm”’ in at least twenty-one or twenty-two 
meanings in SSR.” 

In his 1970a, first presented in 1965, Kuhn begins to reverse the 
expansion of the paradigm concept that went unnoticed for so many 
years,“ hoping, on his part, to reverse the associated confusion as 
well.” In his 1969 papers, with the aim of recapturing “the original 
sense of the term,’’”° he introduces the distinction between ‘‘disciplin- 
ary matrix” and “exemplars.” ‘‘Disciplinary matrix” replaces ‘“‘para- 
digm”’ in its broadest sense, while “exemplars” replaces “‘paradigms” 
in its narrowest sense.’’ The disciplinary matrix, as the totality of all 
objects of scientific consensus, contains, in addition to other elements, 
the exemplars to which alone the term “paradigm” was, philologically 
speaking, properly applicable. Having lost control of that term, he is 
forced to abandon it, but that to which it refers, the exemplary objects 
of ostension, ascription, and exclusion, remains indispensable up to the 
present. 

Where Kuhn uses ‘‘paradigm’’ at all in his work since 1969, it 
usually is in what he takes to be the more basic sense of “exemplar,” 
though the broad sense still makes an occasional appearance.*? But he 
has now resumed talking of “theories” and ‘‘theory choice,”’ where in 


70. 1963a, pp. 358, 359, 362. 
71. 1974a, ET p. 294; ET p. xix. 


72. See § 4.4 below. 

73. Masterman 1970, p. 61. —The widely held but false view that Masterman identi- 
fied at least twenty-two (as opposed to twenty-one) meanings of the paradigm concept 
can be traced to Kuhn himself; 1974a, ET p. 294, and 1970c, SSR p. 181. 

74. ET, p. xviii n. 6. 

75. 1970a, ET pp. 267 n. 3, 284. 

76. ET, p. xx. 

77. 1974a, ET pp. 293-294, 297-298; 1970b, pp. 271-272; 1970c, SSR pp. 175, 
182-187. 

78. 1974a, ET p. 307 n. 16, and p. 319; 1970b, pp. 235, 272. —Paradigms are 
described as ‘“(concrete) examples” (in the sense of objects of ostension) in 1989a, p. 15 
n. 11, and 1990, p. 316, n. 9, pp. 302, 314. 

79. 1983b, p. 715; 1984, p. 245. 

80. 1971a, pp. 144-145; 1977c, ET p. 320. 
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SSR he usually, though not always, substituted “paradigm.”®! “Disci- 
plinary matrix” isn’t used at all after 1969. 


b. The Retraction of the Property of Universal Acceptance 


Parallel to the aforementioned development of the paradigm concept, 
though doctrinally largely independent, is a second dimension of 
change in the paradigm concept of Kuhn’s 1969 papers. In SSR, as in 
1959a and 1963a, the notion of a paradigm is closely related to that of 
normal science, where normal science describes a research practice rest- 
ing on a consensus among essentially all participating specialists.’ As 
we saw in § 4.1, Kuhn claims that this universal consensus has a core, 
by reference to which the special research practice of normal science 
may be explained. This consensual core is the paradigm or set of para- 
digms. With normal science in view, Kuhn describes the paradigm 
concept as a core of universal consensus, consensus carried by all af- 
fected specialists; in their original sense, paradigms are ‘“‘concrete prob- 
lem solutions that the profession has come to accept.” 

But Kuhn later realized that scientific schools in competition with 
each other may have an internal consensus with just the same elements 
as consensus in competitionless communities.*4 However, neither the 
school’s consensual core nor the totality of its consensual elements 
may be called a paradigm, since both lack the universal, acceptance 
throughout the profession provided for in the definition of a paradigm. 
As a consequence, the emergence of a competitionless community out 
of a school had to be described as Kuhn described it in SSR, as the 
“acquisition” or “emergence” of a paradigm.® But such formulations 
have made “‘a paradigm seem a quasi-mystical entity or property 
which, like charisma, transforms those infected by it.”®° In order to 
avoid this and other misunderstandings, Kuhn in 1969 abandons the 
requirement of universal acceptance as a feature of the paradigm con- 
cept, in both narrow and broad senses: 


The members of all scientific communities, including the schools 
of the ‘‘pre-paradigm”’ period, share the sorts of elements which 
I have collectively labelled ‘a paradigm.’*” 


81. E.g. 1977c; 1979b, pp. 415-417. 

82. See chap. 5 below. 

83. 1959a, ET p. 229, and identically 1963a, p. 351; compare § 4.1. 

84. 1974a, ET p. 295 n. 4; 1970b, p. 272 n. 1; 1970c, SSR pp. 178-179. 
85. E.g. SSR, pp. 11, 13, 15, 18, 19. 

86. 1974a, ET p. 295 n. 4; 1970b, p. 272 n. 1. 

87. 1970c, SSR p. 179. 
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This weakening of the paradigm concept is already implicitly con- 
tained in SSR and 1963a and may be elicited from two features of these 
texts. First of all, Kuhn doesn’t strictly hold to his initial definition of 
the paradigm concept. We find him talking, for example, of “the first 
nearly universally accepted paradigm for physical optics,” of “first firm 
paradigms,” or of the “first universally received paradigms.” But if 
the original definition of a paradigm is actually presupposed, such for- 
mulations are redundant. In these formulations, Kuhn apparently al- 
ready has in mind the weakened paradigm concept, which indeed 
requires the listed qualifications in order to describe a universal consen- 
sus. Furthermore, in his preface to SSR, written at the end of the 
book’s composition,” Kuhn begins to distance himself from the view 
that the preconsensus phase can be distinguished by means of the para- 
digm concept from the phase which follows. This distinction, he 
claims, has been made 


much too schematic. Each of the schools whose competition char- 
acterizes the earlier period is guided by something much like a 
paradigm. . . . Mere possession of a paradigm is not quite a 
sufficient criterion 


for marking the transition from preconsensus to consensus phase.” 
And so the way is prepared for the weakening of the paradigm concept 
undertaken explicitly in the 1969 papers. 

But even in 1969, Kuhn isn’t of the view that the difference be- 
tween universal and school-specific paradigms is only social, com- 
pletely external to the paradigms themselves. Paradigms characteristic 
of the consensus phase are rather of another “sort” of “‘nature.”?! Only 
this kind of paradigm permits the kind of scientific practice which, 
characteristic of the consensus phase, distinguishes it from the precon- 
sensus phase.” 


88. SSR, pp. 13, 15, 15, 61; 1963a, pp. 351-352, 365, all emphasis mine. Also see 
e.g. SSR, p. 123, where Kuhn claims that new paradigms are born in flashes of intuition. 
Here, too, it should be clear that universal acceptance isn’t part of the paradigm concept. 

89. The preface is dated February, 1962; p. xii. 

90. SSR, p. ix; similarly 1963a, p. 353. 

91. 1970c, SSR p. 179. —In this passage we also find the following, highly mis- 
leading sentence: “What changes with the transition to maturity is not the presence of a 
paradigm but rather its nature.’’ But of course those exemplary achievements of science 
that, initially accepted only within a school, become accepted by the entire community 
of scientists don’t change their “nature” in the course of this transition, not in the sense 
of changing with regard to some essential attributes. 

92. See chap. 5 below, especially §§ 5.2 and 5.5.b. 
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4.3. The Disciplinary Matrix 


The uncontrollable expansion of the paradigm concept and its resulting 
ambiguity” are what motivated the distinction of “disciplinary matrix” 
from “exemplars” in the relevant papers composed in 1969. “‘Disciplin- 
ary matrix” is meant to replace “paradigm” in the broad sense by 
encompassing the totality of all objects of scientific consensus. Still, 
“paradigm” in the broad sense isn’t entirely congruent with “disciplin- 
ary matrix,” for as Kuhn notices, consciously addressing himself to the 
totality of all objects of scientific consensus, there are moments in 
this consensus which were never taken into account in the uncontrolled 
expansion of the paradigm concept. The function ascribed to the disci- 
plinary matrix of a given scientific community is to account 


for the relative fullness of their professional communication and 
the relative unanimity of their professional judgments™ 


Even Kuhn’s choice of the word “matrix” is meant to suggest that the 
disciplinary matrix consists of different “elements,” “constituents,” 
“components,” or “‘subsets.’?% Kuhn’s list, with no claims to com- 
pleteness,*° names four sorts of components: symbolic generalizations, 
models, values, and exemplary problem solutions. These four compo- 
nents will be discussed, in order, in the four subsections which follow. 
Afterward, we will have to ask what determines the relationships 
the four components of the disciplinary matrix bear to one another 
(§ 4.3.e). 


a. Symbolic Generalizations 


By “symbolic generalizations,” Kuhn understands the formalized or 
easily formalizable universal propositions regarded by a scientific com- 
munity as natural laws or the fundamental equations of theories.”” Con- 
ceived as part of the disciplinary matrix, these universal propositions 


93. Compare § 4.2.4. 

94. 1970c, SSR p. 182; similarly 1974a, ET p- 297; 1970b, p. 271. 

95. 1974a, ET pp. 294, 297~298; 1970b, Pp. 271-272; 1970c, SSR pp. 175, 182. 
— Although I find Kuhn’s descriptions of what, as we shall see, are moments of the 
disciplinary matrix as “elements,” “components,” etc., inadequate, I will continue to 
follow Kuhn in calling them “components” of the disciplinary matrix until I demonstrate 
the inadequacy of this label in § 4.3... 

96. 1974a, ET p. 297; 1970c, SSR p. 182. 

97. 1974a, ET pp. 297-302; 1970b, pp. 271-273; 1970c, SSR pp. 182-184, 188-189: 
1974b, pp. 516-517. —In the cited passages, Kuhn doesn’t distinguish between funda- 
mental equations and natural laws, and he makes explicit reference only to natural laws 
(1970c, SSR p. 183). But fundamental equations, generally not described as natural laws, 
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must, in contrast to their use in scientific practice, be read as purely 
formal, divorced from the meanings of all constituent nonlogical, non- 
mathematical symbols by an abstraction from all empirical concepts 
that results in a string of uninterpreted signs.”* Symbolic generaliza- 
tions are thus artifacts constructed by the philosopher of science, for reasons 
we will discuss shortly. As to their function, we should not assume 
that, once interpreted, they operate only as empirical laws; on the con- 
trary, symbolic generalizations also have concept-determining func- 
tions, inextricably linked with their character as laws.” 

In setting laws and fundamental equations as a component of the 
disciplinary matrix, why does Kuhn abstract from the meanings of 
their empirical concepts? His reason is that a scientific community’s 
consensus over laws or fundamental equations contains two distin- 
guishable consensual moments with a certain degree of mutual inde- 
pendence. One moment of this consensus involves agreement over the 
logical form of laws or equations, what Kuhn calls symbolic generaliza- 
tions. The other concerns the logical interpretation of these formulae, the 
ascription of meaning to them. Different scientific communities may 
agree on symbolic generalizations but differ on the meanings of the 
empirical concepts to be inserted in them.’ It thus makes sense to 
distinguish the two consensual moments contained in the disciplinary 
matrix, since Kuhn’s interest lies especially in the problem of the mean- 
ing of empirical concepts; the bearers of meaning for empirical con- 
cepts, according to Kuhn, should be sought above all in another com- 
ponent of the disciplinary matrix, that of exemplary problem 
solutions. '! 


b. Models 


“Models,” for Kuhn, is a seemingly heterogeneous designation. On 
the one hand, it encompasses heuristic models and analogies in accor- 
dance with which phenomena from a given class may be treated as if 
they were something else entirely. On the other, ontological (or, equiva- 


are also at issue; consider his use of the Schrédinger equation (1974a, ET pp. 298, 307 
n. 17) or, similarly, Maxwell’s equations (SSR, p. 40) as examples. —In Kuhn’s own 
judgment, SSR seriously neglects the role of “the formal elements of a science,” such 
as laws (1974b, pp. 516-517). The serious consideration they deserve is inserted with the 
treatment of symbolic generalizations as components of the disciplinary matrix in the 
1969 papers. 

98. 1974a, ET p. 299. —That there is no abstraction from the meanings of mathemat- 
ical and logical symbols is evident from the fact that the acceptance of symbolic general- 
izations implies the acceptance of the results of (correct) mathematical and logical manip- 
ulations carried out on them (ibid; 1970c, SSR p. 183). 

99. 1970c, SSR pp. 183-184; also compare § 3.6.e. 

100. 1974a, ET pp. 299, 307 n. 17; 1970c, SSR p. 188; 1974b, pp. 516-517. 

101. See § 4.4.a below. 
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lently, metaphysical) convictions, convictions regarding what there is 
and what its fundamental characteristics are, are also subsumed under 
“models.” ©? While SSR deals with the ontological convictions derived 
from paradigms,’ it hardly mentions heuristic models at all. 

Kuhn’s reason for treating both of these heterogeneous moments 
of consensus under the heading of models is that they perform similar 
functions for the scientific community; they play similar roles in the 
identification of unsolved problems and in gauging the acceptability of 
proposed solutions to them.'°* Models, in Kuhn’s sense, perform these 
functions in virtue of being a source of similarity relations. In the case 
of heuristic models, they serve as a source of “external” similarity 
relations, of similarities between essentially different objects and situa- 
tions. As for ontological commitments, these are a source of “internal” 
similarity relations, of similarities between objects or situations of the 
same ontological type.'® Such similarity relations sanction an analo- 
gous application of concepts to the objects or situations they deem 
similar and are thus coconstitutive of the meanings of these concepts. 

For Kuhn, models, so defined, are different from the other compo- 
nents of the disciplinary matrix in one important respect. Such models 
frequently belong to the consensus within a scientific community but 
by no means always do so. Thus in certain stages of scientific develop- 
ment we may find coherent research traditions in which there is no 
agreement on basic ontological questions. '°” 


we 


c. Values 


Kuhn often alludes to the fact that scientific knowledge is the product 
of highly specialized groups and therefore that certain of its characteris- 


102. 1974a, ET pp. 297-298; 1970b, pp. 271-272; 1970c, SSR p. 184. —This use of 
the words “ontological’’ and ‘‘metaphysical” is, of course, most frequent in the realm 
of analytic philosophy. 

103. E.g. SSR pp. 4-5, 7, 40, 41, 103, 109. 

104. On this issue, see §§ 4.4.b and 4.4.c below. 

105. 1981, p. 20. 

106, 1979b, p. 415; 1981, pp. 20-21; also 1974b, p. 506. 

107. 1970b, p. 255; 1970c, SSR pp. 180, 184. This appears to be a softening, in the 
1969 papers, of the position expressed in SSR and 1963a, where Kuhn still claimed that 
“Effective research scarcely begins before a scientific community thinks it has acquired 
firm answers to questions like the following: What are the fundamental entities of which 
the universe is composed? How do these interact with each other and with the senses? . . . 
At least in the mature sciences, these are firmly embedded in the educational initiation 
that prepares and licenses the student for professional practice “(SSR, pp. 4-5; similarly 
1963a, p. 359). Likewise, he then maintained “The commitments that govern normal 
science specify not only what sorts of entities the universe does contain, but also, by 
implication, those it does not” (SSR, p. 7). Q.v. SSR, p. 109. 
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tics may be understood only by recourse to the features of these com- 
munities.!° Each group is special primarily in virtue of its special, 
socially binding values. Many features of scientific development result 
from the fact that the underlying decisions in favor of certain alterna- 
tives were made on the basis of particular scientific values. 

Values form that component of the disciplinary matrix’ least sub- 
ject to variation, both from scientific community to scientific commu- 
nity and over time.''® Since the value systems of all scientific communi- 
ties share a common core, they may be given an abstract-universal 
description. This is also the reason all (natural) scientists form, in a 
certain sense, a single community.'" 

Scientific values operate on two levels.'!* Scientific practice con- 
tains both evaluations of individual applications of theory and evalua- 
tions of whole theories. Evaluations of individual applications of theory 
(as more or less successful) take place all the time, while the evaluation 
of whole theories is reserved for special phases in scientific develop- 
ment.!!9 In such phases, evaluations of individual applications of theory 
serve an instrumental function in the global evaluation of theories. 
Given Kuhn’s overarching interest in scientific revolutions, scientific 
values are important above all as a basis for the global evaluation of 
theories. 

What scientific values can the disciplinary matrix be said to contain 
when described in abstract-universal terms? As far as the contents of 
scientific values are concerned, Kuhn’s answer isn’t, in his judgment, 
any different from the traditional answer in the philosophy of sci- 
ence.''* But his conception of the manner in which these values operate 


108. SSR, pp. 153, 167-169; 1971a, p. 146; ET, p. xx; 1983c, p. 28. 

109. 1970b, p. 272; 1970c, SSR pp. 184-186. —Kuhn also calls the total set of values 
a ‘“‘value system” or “ideology” (e.g., 1970a, ET p. 290; 1970b, p. 238). 

110. 1970b, p. 238; 1970c, SSR p. 184; ET pp. xxi-xxii; 1977c, ET pp. 335-336. 

111. 1970c, SSR p. 184. 

112. 1970a, ET pp. 288~291; 1970b, pp. 237-238, 248, 272; 1970c, SSR pp. 184-185, 
186, 205; ET, pp. xx—xxi; 1977c. —In some of these passages, Kuhn uses the word 
“prediction”’ in its broad sense, common among natural scientists. “Predictions” in this 
sense are assertions about events or states derived from theories, regardless of the temporal 
relationship between these events or states and the time of assertion. 

113. In anticipation of part 3: The governing theory isn’t evaluated in the course of 
normal science, but rather enjoys the self-evident acceptance of its guiding role. A crisis 
consists in the evaluation of the theory which previously governed research as needy of 
revision, usually because certain anomalies have been evaluated as important anomalies. 
In a theory choice situation, different theories are comparatively evaluated with a view 
toward their relative performance. 

114. 1970b, pp. 261-262; 1970c, SSR p. 199; 1971a, p. 146; ET pp. xxi-xxii; 1977c, 
ET pp. 322, 333. 
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is very different from that of this tradition, as we will demonstrate 
later. Making no claims to completeness, Kuhn lists the following val- 
ues in his 1977c, in which he considers scientific values in greatest 
detail:'° 


—Accuracy:''® Applications of theory, assertions about factual sit- 
uations derived from theory, should be both qualitatively and 
quantitatively accurate. This value carries great, though not 
overwhelming, weight; the history of the sciences is character- 
ized by an increase in the importance of quantitative ac- 
curacy: 

—Consistency:''® A theory should be free of internal contradiction 
and compatible with other accepted theories. 

—Scope:''? A theory should have a broad domain of possible 
applications. 

—Simplicity:'?° A theory should provide unifying perspectives for 
the ordering of apparently unrelated groups of phenomena and 
have the simplest possible conceptual and technical apparatus 
and procedures for application. 

—Fruitfulness:'*! A theory should encompass new phenomena or 
new relations between previously known phenomena. 


In addition to these values, Kuhn occasionally cites others, such as 
the unity of science,'” explanatory power,!* naturalness, !”* plausibil- 
ity,’ and above all a theory’s capacity to define and solve as many 
theoretical and experimental problems as possible, especially of the 


115. ET pp. 321-322. —At the corresponding places in SSR, Kuhn’s talk is predom- 
inantly of “arguments” rather than “values” (pp. 153-159), in accordance with the argu- 
mentative function values have in theory choice debates (1970b, pp. 261~262);’ see 
§ 7.4. —See McMullin 1983, pp. 15-16. 

116. Also 1961a, ET pp. 212-213; SSR pp. 138, 147, 153-154; 1970a, ET p. 289; 
1970b, p. 272 and elsewhere; 1970c, SSR pp. 185, 206; 1971a, p. 146; 1977c, ET pp. 
322-323; 1983d, p. 564. 

117. 1977c, ET p. 335; q.v. Boos and Krickeberg 1977, and Hoyningen-Huene 1983. 

118. Also 1970a, ET p. 291; 1970c, SSR pp. 185, 206. —In 1970c, SSR p. 185, Kuhn 
remarks that he gave this value too little attention in SSR. 

119. Also 1970b, pp. 241, 261; 1970c, SSR p. 206; 1983d, p. 564. 

120. Also SSR, pp. 155-156; 1970a, ET p. 291; 1970b, pp. 241, 261; 1970c, SSR pp. 
185, 206; 1971a, p. 146; 1977c, ET p. 324. 

121. Also SSR, pp. 154-155, 159; 1970b, p. 261; 1971a, p. 146; 1980a, pp. 189-190. 

122. 1970a, ET p. 289. 

123. 1970a, ET p. 289. 

124, 1971a, p. 146. 

125. 1970c, SSR p. 185. 
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quantitative variety.'”° These values, especially the last, are at least 
partially implied by those listed above, just as the values in the list itself 
evidently aren’t entirely independent of one another. But I won’t pur- 
sue questions of the design, reciprocal entailments, weighting, and 
completeness of scientific values any further, since an abstract-universal 
description of scientific values, independent of any given historical situ- 
ation or scientific community, wouldn’t be especially rich, anyway.'”” 

But according to Kuhn, we run into indeterminacy even in the 
value system of a particular scientific community made concrete in 
some particular way in a particular historical situation. This indetermi- 
nacy is inherent in such value systems and fulfills important functions 
in scientific development. On this point, Kuhn’s departure from the 
received tradition in philosophy of science is clear. For the indetermi- 
nacy reveals itself in the fact that a given such value system might, in 
its concrete application, generate different evaluations depending on the 
individual evaluator.’ 

There are two reasons for the indeterminacy of concrete scientific 
value systems. First, the individual values of a given scientific commu- 
nity may legitimately be interpreted in different ways by different com- 
munity members; what, precisely, is meant by “‘simplicity,”’ or which 
aspects of a given theory should be given most attention with regard 
to this value, isn’t uniquely determined by the mere acceptance of the 
value by the community.’”? Second, different values may contradict 
each other in a given concrete application, and so a relative weighting 
is needed. But this weighting isn’t uniquely given by community 
agreement over the value system.'*? The indeterminacy of a scientific 
value system thus amounts to the incomplete determination of the 
concrete evaluations it sanctions. 

In making a concrete judgment, the individual scientist remedies 
this underdetermination under the influence of factors which may vary 
from scientist to scientist.'*! Prominent among these is the individual 
scientist’s particular professional experience, determined, for example, 
by which fields he or she has worked in, how successfully, and for 


126. SSR, pp. 155, 169-170; 1970a, ET pp. 289, 290; 1970c, SSR pp. 185, 205; 
1983d, pp. 563-564. 

127. Compare § 1.2.c. 

128. SSR, pp. 155, 159; 1970a, ET pp. 288, 291; 1970b, pp. 238, 241, 248, 262: 
1970c, SSR pp. 185-186, 199-200; 1971a, p. 146; ET, p. xxi; 1977c, ET pp. 322-331. 
See Salmon 1990 for an attempt to reconcile Kuhn’s position with the traditional view. 

129. 1970b, p. 262; 1970c, SSR pp. 185, 205; ET p. xxii; 1977c, ET pp. 322-324. 
—See Sintonen 1986. 

130. 1970a, ET pp. 290-291, and previous footnote. 

131. SSR, pp. 3-4, 152-153; 1970b, p. 241; 1970c, SSR p. 185, 1977c, ET p. 325. 
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how long. In addition, extrascientific convictions of the religious, phil- 
osophical, or even national variety play a role. Finally, certain personal- 
ity traits, such as adventurousness or timidity, and specific personal 
preferences help determine choice. We may thus distinguish two evalu- 
ative moments in a value judgment made by an individual scientist. 
One evaluative moment is shared with other members of the same 
community, as explained by the similarity of their personal histories, 
while the other isn’t shared and is explicable only by reference to idio- 
syncratic features of the scientist’s history. '*? 

Kuhn frequently makes use of two not entirely unproblematic for- 
mulations in discussing the interplay of collectively shared and individ- 
ually variable evaluative moments. On the one hand, he speaks of the 
fact that ‘‘values may be shared by men who differ in their applica- 
tion.’’? This claim borders on the paradoxical, for one might ask what 
it means for people to agree on values when as soon as these values 
become operational they behave differently, making different value 
judgments. On the other hand, Kuhn also asserts that the criteria of 
theory choice “function not as rules, which determine choice, but as 
values, which influence it.”'* By “rule,” Kuhn here means an un- 
equivocally executable, logicomethodological guide to action—an 
algorithm.!*° Decisions based on rules of this sort come out the same 
for everyone who applies the same rules; in this sense, they are inter- 
subjective. As far as this intersubjectivity is concerned, it doesn’t matter 
whether the rules are deterministic or merely probabilisti¢. But deci- 
sions reached on the basis of shared values need not be intersubjective, 
and this, for Kuhn, is what it means for scientists applying shared 
values to “‘differ in their application.” 

The underdetermination of choice by scientific value systems isn’t, 
for Kuhn equivalent to some form of incompleteness, demanding re- 
pair; on the contrary, it serves important positive functions in scientific 
development.'** For however they turn out, decisions in which scien- 
tific values must play a role are often fraught with risk. For example, 
scientists in theory choice situations might often have to decide in favor 
of or against a new theory at a time when it’s not yet fully worked out 


132. 1977c, ET pp. 324-325. 

133. 1970c, SSR p. 185; similarly 1970b, p. 262; 1971a, p. 146; 1977c, ET pp. 324—- 
325, 331, 337. 

134. 1977c, ET p. 331; similarly p. 333; 1970b, pp. 238, 262; 1970c, SSR pp. 186, 
199-200; 1971a, p. 146. Also see § 4.1. 

135. 1970a, ET pp. 280-283, 288; 1970b, pp. 234, 241; 1977c, ET pp. 326, 328-329, 
331, 332-333. See Finocchiaro 1986; McMullin 1983; Stegmiller 1986, p. 350ff; Tianji 
1985. 

136. 1970b, pp. 241, 248-249, 262; 1970c, SSR p. 186; 1977c, ET pp. 330-332, 334. 
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and empirical evidence fails to confirm (or refute) it unequivocally. In 
this situation, no one can be certain to have chosen the theory that 
ultimately will convince all members of the community.'*” Under such 
circumstances, it is necessary that some scientists choose the old theory 
and some the new, for both must have a chance to develop their poten- 
tial, as they do only when both are explored. Thus scientific develop- 
ment “‘requires a decision process which permits rational men to dis- 
agree.” "8 Otherwise science would be in danger either of stagnating 
in one tradition or of forever prancing from theory to theory, never 
stopping to exhaust the potential of any of them.!? It follows that 
many disagreements in the history of science which can hardly be un- 
derstood when unequivocal rules are presupposed, since (at least) one 
party to the dispute appears to be behaving “‘unscientifically”’ (or “‘irra- 
tionally,” “unreasonably,” ‘““dogmatically,” and the like), can now be 
intepreted as cases of legitimate scientific difference of opinion. 

So the value system accepted by a given scientific community 
leaves room for individuals to make different value judgments;!” it 
constrains the space of possible decisions without coercing individual 
choice. In addition to such choices by individual scientists, Kuhn also 
speaks of the relationship between a value system and the behavior of a 
scientific community, as, for example, when he claims “‘it is the commu- 
nity of specialists rather than its individual members that makes the 
effective decision.”’'*! Such claims merit discussion, for they may con- 
tribute to the clarification of one of Kuhn’s fundamental theses. This 
thesis emerges at different points in Kuhn’s theory, especially where 
he speaks of “‘the sociological base of my position.”'*? Just what do 
these locutions mean? 


137. On this issue, see also Lakatos 1971, § 1 (d). 

138. 1977c, ET p. 332. 

139. 1970b, pp. 246-247; 1970c, SSR p. 186; 1977c, ET p. 332. 

140. Another dimension of individual difference between members of a scientific 
community, epistemically relevant under certain conditions, was discussed in § 3.6.d; 
members of a scientific community may differ with respect to the criteria they employ 
in determining the referents of empirical concepts. 

141. 1970c, SSR p. 200. 

142. 1970b, pp. 241, 253; similarly 1959a, ET pp. 227-228 n. 2; SSR, pp. vii, 153, 
162; 1963b, pp. 392, 394-395; 1969c, ET p. 351; 1970a, ET pp. 290, 291; 1970b, pp. 
237-238, 240; 1970c, SSR pp. 178, 200, 209~210; 1971a, p. 146; ET, pp. xx-xxii; 
1979c, pp. x—xi; 1983c, pp. 28, 30; see also § 7.4.c below. —In the title of 1970a, “Logic 
of Discovery or Psychology of Research?” Kuhn appears to oppose Popper’s “logic of 
discovery” with a “psychology of research” (The Logic of Scientific Discovery being, of 
course, the English title of Popper’s opus). Similarly, in the text of 1970a, Kuhn asserts 
that “explanation must, in the final analysis, be psychological or sociological” (ET p. 290, 
emphasis mine). Since such statements led some, for example Lakatos, to misunderstand 
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As we have seen, the decisions of individual community members 
made under the influence of their community’s shared value system 
may vary. But still, Kuhn claims, “group behavior will be decisively 
affected by the shared commitments.”'* This statement agrees with 
Kuhn’s characterization—as opposed to Lakatos’ criticism—of his 
manner of inquiry: 


The type of question I ask has . . . been: how will a particular 
constellation of beliefs, values, and imperatives affect group be- 
havior?! 


Our own inquiry into this question (and, of course, into the answers 
to it) must make an issue of ‘‘group behavior,” as used here. 

Talk of group behavior obviously makes sense when there is some 
sort of analogy between the group and an individual. And this is indeed 
the case for the situations in which Kuhn is primarily interested, transi- 
tions from a phase of scientific development in which a community is 
governed by one consensus to a phase in which it’s governed by an- 
other.'*° Such transitions are analogous to individual changes of opin- 
ion, and, as in the individual case, we might ask, what caused the 
group to change its opinion? But the answer to this question regarding 
a change in group opinion must be given at the level of the individual, 
for even given consensus, the group isn’t a subject conceived apart 
from its members. And members of the community differ with regard 
to the individually variable evaluative moments that participate in the- 
ory choice. So how should Kuhn’s claim that “shared values, though 
impotent to dictate an individual’s decision, may nevertheless deter- 
mine the choice of the group which shares them”!° be understood 
by us? 

All semblance of paradox in such claims vanishes when we con- 
sider that Kuhn here has a historical process in view, a process which 
begins with dissent over theory choice and ends with the community’s 
newfound consensus over the better of the candidate theories, regard- 
less of whether the better theory is the old one or some alternative. '*” 


him as wanting to explain scientific development by means of individual psychological 
features, Kuhn restricts himself, after 1970b, to using “sociology” in this context (on 
this issue, see 1970b, pp. 240-241). —See Jones 1986 and his citations regarding other 
misunderstandings arising from this manner of speaking. 

143. 1970b, p. 241, emphasis mine; similarly p. 239; 1970c, SSR pp. 186, 199; ET, 
p. xxii. 

144. 1970b, p. 240, emphasis mine. 

145. Compare § 1.3. 

146. ET, p. xxi. 

147. On the following, see also § 7.4.b. 
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During the period of dissent, scientists work with the various alterna- 
tive theories. Over time,'® this work generates enough empirical and 
theoretical arguments to produce a new consensus on which theory 
should be chosen. But this new consensus must be qualified in two 
respects. First, the community’s new consensus doesn’t have to be truly 
unanimous from the beginning. Instead, those who diverge from the 
majority opinion may be excluded from the community,!” or the com- 
munity may split.®° Second, the fact that the individual scientists who 
make up a (newly formed or previously existing) community all exhibit 
the same choice behavior doesn’t imply that their individual choices 
were all made for precisely the same reasons or motives. On the con- 
trary, each individualized version of the collective values which serve 
as grounds for theory choice is retained.’ What matters is only that 
consensus come about because of the collective value system; 


To understand why science develops as it does, one need not 
unravel the details of biography and personality that lead each 
individual to a particular choice, though that topic has vast fasci- 
nation. What one must understand, however, is the manner in 
which a particular set of shared values interacts with the particular 
experiences shared by a community of specialists to ensure that 
most members of the group will ultimately find one set of argu- 
ments rather than another decisive.‘ 


d. Exemplary Problem Solutions 


Exemplary problem solutions, or paradigms in the narrowest sense are, 
in the 1969 papers, a component of the disciplinary matrix, or the 
paradigm in the broadest sense.’ The importance of exemplary prob- 
lem solutions to Kuhn’s philosophy of science was considered in detail 
in § 4.1, and so we may safely waive further discussion here. In § 4.4 
we will analyze what, precisely, it means for paradigms to be accepted 
as governing research. But first we must clarify the relationship be- 
tween concrete problem solutions and other “components” of the disci- 
plinary matrix. 


148. This period may last up to a generation; SSR, p. 152. 

149. SSR, pp. 19, 150-152; 1970a, ET p. 291. 

150. 1959a, ET p. 231; SSR, p. 15; 1970a, ET p. 291; 1977c, p. 329. 

151. Kuhn sees a subtle source for the plausibility of his critics’ views in the fact that 
similar decisions mask the dissimilarity of the reasons behind them; 1977c, ET pp. 
328-329, 333. 

152. 1970c, SSR p. 200. 

153. 1974a, ET pp. 301-319; 1970b, p. 272; 1970c, SSR pp. 186-191; 1974b, 
pp. 500-501. 


The Paradigm Concept / 155 


e. The Relationship between “Components” of the Disciplinary Matrix 


29 ce 9 66 


Kuhn’s use of such terms as “elements, constituents, compo- 
nents,” and “‘subsets,”’!>* not to mention “disciplinary matrix” itself, 
suggests that the disciplinary matrix contains a number of “parts,” 
where the relation of parts to the whole is conceived along the lines of 
the element-set or subset-set relationship. '°° This implies that the parts 
may be conceived as separate from one another and thus subjected to separate, 
individual examination. To be sure, according to Kuhn, the constituents 
of the disciplinary matrix 


form a whole and function together. They are, however, no 
longer to be discussed as though they were all of a piece.!°° 


Put differently, and now with reference to ‘‘theories” instead of the 
“disciplinary matrix,”’ 


Theories . . . cannot be decomposed into constituent elements 
for purposes of direct comparison either with nature or with each 
other. That is not to say that they cannot be analytically decom- 
posed at all, but rather that the lawlike parts produced by analysis 
cannot . . . function individually in such comparisons.!° 


Can the relationship between symbolic generalizations, models, values, 
and exemplary problem solutions really be conceived as a relationship 
between separable, hence independent, elements that impinge on each 
other only in exercising their functions?'** The answer to this question 
will prove crucial to our understanding of the development of the 
paradigm concept. 

In the context of my discussion of the priority of problem solutions 
over rules, I considered the relationship between laws and theories on 
the one hand and their particular applications on the other, revealing 
it to consist in the inseparable unity of distinct moments.’ How can 
laws or theories and exemplary problem solutions become separate 
“elements” of the disciplinary matrix in Kuhn’s 1969 papers? Kuhn 


154. E.g. 1974a, ET pp. 294, 297-298; 1970b, pp. 271-272; 1970c, SSR pp. 175, 
182. 

155. Shapere 1971, p. 707, draws special attention to the problems associated with 
this relationship, especially the problem of the components’ unity. 

156. 1970c, SSR p. 182. 

157. 1977b, ET pp. 19-20. 

158. Kuhn at one point in SSR uses a formulation which very closely approximates 
the view I am now arguing: “In learning a paradigm the scientist acquires theory, meth- 
ods, and standards together, usually in an inextricable mixture” (p. 109, emphasis mine). 
Also see SSR, pp. 10, 11. 

159. Compare § 4.1. 
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attempts to separate the two moments by finesse, removing all empirical 
meaning from the concepts employed in a law or theory and ascribing 
it all to problem solutions. What’s left is a symbolic generalization, 
something “‘uninterpreted . . . empty of empirical meaning or applica- 
tion.” ©’ Only the meanings of the mathematical and logical symbols 
are preserved. ©! 

But this step doesn’t really permit the total removal of all empirical 
meaning from symbolic generalizations. Kuhn is emphatic in insisting 
that the (interpreted) generalizations—laws and theories—have a func- 
tion in fixing the meanings of the empirical concepts they contain. But 
if this is the case, the identity relation in a symbolic generalization (for 
instance, that which holds between the left and right sides of an equa- 
tion) would be one vehicle for expressing the meanings of empirical 
concepts contained in the generalizations. And so the separation of sym- 
bolic generalizations from their applications in problem solutions re- 
veals itself to be impossible. To be sure, the line Kuhn draws allows 
symbolic generalizations to be conceived as independent elements, but 
the problem solutions, whose concepts now lack an essential moment 
in their meanings, may not be so conceived. If all meaning, including 
that of the identity relation in symbolic generalizations, is consigned 
to the side of problem solutions, then, to be sure, problem solutions 
may be conceived as independent elements. But then all that remains 
opposite them are utterly empty strings of signs, necessarily deprived 
of any epistemological function. If instead, in direct opposition to 
Kuhn’s own intentions, all meaning were consigned to the side of 
symbolic generalizations, then concrete problem solutions, in turn, 
would necessarily be void of meaning, deprived of all epistemological 
function. We conclude that symbolic generalizations and concrete 
problem solutions can be distinguished only as linked moments of a single 
unity;'? calling them ‘‘elements” or “components” of a disciplinary 
matrix misses this point. 


160. 1974a, ET p. 299. 

161. Compare § 4.3.a. 

162. To avoid misunderstandings: Kuhn’s arguments in support of the claim that the 
distinction between laws or theories and their applications is just the distinction between 
symbolic generalizations and exemplars (1974b, pp. 516-517) are unaffected by this 
criticism. All that are affected are formulations which attempt to make this distinction 
into a separation. This is precisely the point at which Putnam and Achinstein are right in 
their criticisms of Kuhn (though their formulations slightly miss the mark), where they 
argue that, by introducing symbolic generalizations, Kuhn makes, against his intentions, 
too great a concession to positivism (in Kuhn 1974b, pp. 513, 516). For the separation of 
symbolic generalizations from exemplars is possible if and only if laws and theories 
exercise no function in fixing the meanings of concepts or, in other words, just in case 
sentences are either analytic or synthetic. Kuhn rejects precisely this dichotomy; see 
§ 3.6.6. 
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The situation is just the same with respect to the relationship be- 
tween exemplary problem solutions and models. The analogies em- 
ployed in heuristic models can only be truly understood when applied 
to concrete problem situations, and conversely, problem solutions at- 
tained by means of such analogies can only be understood by reference 
to them. Similarly, the ontological convictions of a scientific commu- 
nity can be understood, both in content and in degree of conviction, 
only by reference to the problem solutions governing the community. 

The relationship between values and exemplary problem solutions 
exhibits similar features. The best evidence for the character of a given 
community’s scientific values is found, by and large, in the theories 
the community evaluates favorably, which in turn reveal community 
values primarily through the concrete problem solutions they helped 
achieve.’ Only the degree of quantitative accuracy to be expected 
realistically might conceivably be precisely articulated apart from any 
application; but in fact, in scientific practice, this degree of accuracy is 
demonstrated by reference to problem solutions, '™ for it is only relative 
to them that it can be dubbed a realistic expectation. 

What follows from all this is that we can’t regard the relationship 
between symbolic generalizations, models, values, and concrete prob- 
lem situations on the one hand and the disciplinary matrix on the other 
as that of elements or subsets to a set. The relationship between the 
former items is that of linked moments of a single unity; though individual 
moments can be distinguished, they can’t even be conceived as sepa- 
rate. Concrete problem solutions can be seen as the central moment, 
especially given their world- and science-constituting function.'® But 
symbolic generalizations might equally be taken as the central moment, 
especially when we consider their role in establishing unity among the 
various moments of the disciplinary matrix. However, there is no need 
to puruse the rather vague question of the central moment of the disci- 
plinary matrix any further. 

The claim that the disciplinary matrix is a single unit composed of 
linked moments and not a collection of otherwise separate elements or 
subsets isn’t an item of mere nit-picking; on the contrary, it’s essential, 
if we want to understand the development of the paradigm concept. !© 
The point of departure for this development is the observation that 


163. “[All scientists] must be supplied with examples of what their theories can, with 
sufficient care and skill, be expected to do” (1970b, p. 248), “‘It is vitally important that 
scientists be taught to value these characteristics [scientific values] and that they be pro- 
vided with examples that illustrate them in practice” (1970b, p. 261; also 1971a, p. 146). 

164. 1961a, ET pp. 183-86. 

165. See § 4.4. 

166. Compare § 4.2.a. 
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paradigms, in the sense of concrete problem solutions, make up the 
foundation of the consensus which governs research, while explicitly 
defined concepts or methodological rules, laws, or theories, conceived 
apart from their concrete applications, do not. But such paradigms 
include laws, theories, models, and values as moments. When we con- 
sider the functions concrete problem solutions exercise in scientific 
practice, their various implicit moments become explicit. And thus 
paradigms, in the sense of concrete problem solutions, transform them- 
selves from a small but important sub-domain of scientific consensus 
into the entire consensus; this transformation is the expansion of the 
paradigm concept that initially went unnoticed by Kuhn himself. When 
we consider this result apart from the process which engendered it, it 
appears unavoidable that there are two meanings of the paradigm con- 
cept that, because importantly different, seem worth keeping apart. 
The original mistake lay in a certain one-sidedness, in the failure to 
distinguish the moments contained within problem solutions from the 
problem solutions themselves. This one-sidedness is a natural reaction 
to the opposed one-sidedness of the received tradition in the philosophy 
of science, according to which problem solutions themselves weren’t 
an issue at all and the moments contained within them, where they 
were even considered to begin with, were kept strictly separate. 

So, in his 1969 papers, Kuhn turns the various moments contained 
in problem solutions into independent components of a disciplinary 
matrix, hoping thereby to correct the apparent ambiguity of the para- 
digm concept. But then the merging of the so-called narrow and broad 
meanings of “‘paradigm” becomes just as unintelligible in retrospect as 
the tremendous resonance with which the original introduction of the 
paradigm concept was received. It then seems puzzling how any author 
could presume to throw such obviously different things as problem 
solutions, theories, values, and models together without a substantial 
portion of his readership—including the professional scientists in this 
group—raising much in the way of objection.'®’ For in fact the attempt 
at correction Kuhn undertakes in 1969 is just a new form of one- 
sidedness, in which distinct but inseparable moments are made into 
separate components of a disciplinary matrix. This new one-sidedness, 
too, is understandable, for the notion of a unity of distinct but insepara- 
ble moments, which this sort of one-sidedness could avoid, was en- 
tirely alien to Kuhn, at least in 1969. This shouldn’t surprise us in an 
American historian and philosopher of science of the latter half of the 


167. Of course this might be explicable, but only with the help of auxiliary hypothe- 
ses really drawn from mob psychology (Cf. Kuhn’s debate with Lakatos over mob 
psychology: 1970b, pp. 262-263.). 
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twentieth century.’®* But Kuhn seems to have noticed the inadequacy 
of the notion of a disciplinary matrix, which he never uses in his work 
after 1969. 

In the following discussion of the function of paradigms in the 
sense of problem solutions, it should become clear that the sense of 
“paradigm” Kuhn had in mind is just that sense in which laws or 
theories, models, and values are incorporated as moments. 


44 The Functions of Paradigms in the Sense of Exemplary 
Problem Solutions 


Paradigms, in the sense of concrete problem solutions accepted by a 
community, play a globally normative role in that community. This 
means that paradigms are accepted not just as particular solutions to 
particular problems. Future research must rather refer itself to these 
problem solutions, proceeding by analogy from them.'® An analysis 
of what, precisely, it means for research to proceed by analogy from 
exemplary problem solutions yields three globally normative func- 
tions. First, future research must employ the conceptual system specific 
to the exemplary problem solutions (§ 4.4.a). In addition, exemplary 
problem solutions are used to identify as yet unexplored research prob- 
lems (§ 4.4.b). Finally, exemplary problem solutions play a role in 
evaluating the acceptability of proposed solutions to thesé problems 
(§ 4.4.c). 


a. The Lexicon of Empirical Concepts 


The globally normative function of those concrete problem solutions 
governing a scientific community’s research—a function that will 
prove most important in our later characterization of scientific revolu- 
tions—is derived from the fact that a particular system of empirical 
concepts is employed in articulating both problems and their solu- 
tions.!”° In works composed since 1982, Kuhn calls this system a “lexi- 
con” (or “lexical net-work”’).'”! This term, borrowed from linguistics, 
addresses the relation of mutual dependence which empirical concepts 


168. Kuhn remarks in his preface to ET that he and his (North American) philosophi- 
cal colleagues had little access to European post-Kantian philosophy, on grounds of its 
opacity (ET p. xv), —On this issue, see Gutting 1979. 

169. Compare § 4.1. 

170. 1984, p. 245. 

171. 1983a, pp. 682-683; 1983b, pp. 713-714; 1989a; 1990. Compare § 3.6.g. 
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bear toward one another, which Kuhn also calls the ‘‘local holism of 
language.””!” 

Now, exemplary problem solutions don’t merely apply, or illus- 
trate, some given, previously fixed lexicon of empirical concepts. On 
the contrary, some of the concepts in the lexicon acquire their particular 
meanings only with the articulation of the exemplary problem solu- 
tions. '”? The functions of the lexicon are thus, indirectly, also functions 
of the exemplary problem solutions (of which symbolic generalizations 
must be conceived as moments).'”* We may distinguish between the 
following three functions of.the lexicon. 

First, the lexicon of empirical concepts is constitutive of the phe- 
nomenal world.!” In order for it to exercise this function, at least two 
exemplary problem solutions belonging to each symbolic generaliza- 
tion are required. By means of the conceptual system already available, 
together with ostension, an instructor can draw attention to the impli- 
cated problem situations and to the subsituations and objects occurring 
within them, thus evoking the immediate similarity relations which 
link the two situations both as wholes and through their moments. If 
the pupil is successful in learning these similarity relations, he or she 
has mastered the concepts belonging to them. The concepts, in turn, 
structure a particular region of the phenomenal world, making it acces- 
sible to the pupil. All research problems subsequently explored must 
refer back to this region of the phenomenal world. 

Second, the concepts in the lexicon contain implicit knowledge of 
nature, knowledge of the present phenomenal world implicit in these 
concepts.'”° This implicit knowledge expresses itself in the demand that 
future candidate problem solutions not contradict it. 

Third, concepts in the lexicon must be used in articulating explicit 
knowledge about the present phenomenal world, as for example in the 
formulation of those quantitative regularities which hold between the 
referents of these concepts under certain conditions. '7” 


b. The Identification of Research Problems 


Concrete exemplary problem solutions exercise a further important 
function in research practice by sanctioning the identification of new 


172. Compare §§ 3.6.c and 3.6.e. 

173. Though this shouldn’t be taken to imply that empirical concepts acquire this 
meaning individually; compare § 3.6.g. 

174. § 4.3.e. 

175. Compare chap. 3. 

176. Compare § 3.7. 

177. 1961a, ET p. 198; 1977b, ET p. 19; 1981, pp. 18-19. 
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research problems for exploration.’ Here, too, symbolic generaliza- 
tions, '”” models (in Kuhn’s sense), '® and values'*! play a role, but only 
by way of the exemplary problem solutions whose moments they are. 
The identification of a research problem in this way involves two 
things. First, it requires a conceptual system both licensed by the appro- 
priate scientific community to articulate research problems in gen- 
eral and suited to the articulation of a particular research problem. Sec- 
ond, in order to be identified as a problem, a research problem 
needs a contextual background from which its problematic character 
emerges. '®* Regardless to what species a research problem may belong- 
—instrumental, experimental, mathematical, conceptual, or explana- 
tory—its problematic character emerges only given a background of 
previously accepted instrumentation, theorems, theories, ontological 
and methodological convictions, and the like, irrespective of the extent 
to which the community takes these for granted. In scientific commu- 
nities operating without competition,'® the further requirement that 
the problem have some prospects for solution also presents itself. ‘4 

Exemplary problem solutions may participate in all such moments 
constitutive of a given research problem. We dealt with the conceptual 
system licensed for the articulation of exemplary problem solutions in 
the last subsection. Just as the conceptual system in which the para- 
digms are articulated may be extended to further situations by way 
of similarity relations for the articulation of further problems, so the 
particular problematic character of an exemplary problem nfay be used, 
by analogy, in the construction of further research problems. In § 5.2.b, 
the expectation of a problem’s solubility will be seen to emerge from 
this same analogy. 

A scientific community must further be able to evaluate the relative 
importance of those problems deemed soluble, albeit neither unequivo- 
cally nor even always compellingly. Certain trends in the general as- 
sessment of the relative importance of research problems are necessary, 
lest the community flounder in its work. In such assessments, however, 
exemplary problem solutions play only a subordinate role.!* 


178. SSR, pp. 6, 18, 37, 103-110. 

179. SSR, p. 40. 

180. 1970c, SSR p. 184. 

181. 1970a, ET p. 290. 

182. Q.v. 1971b, ET p. 29. 

183. Compare § 1.1.b. 

184. I won’t discuss the expected solubility requirement and the role exemplary 
problem solutions play in it any further here. This requirement is characteristic only of 
the normal science phase and of the special exemplary problem solutions employed in 
it, and an explication of it must thus wait until chap. 5 (§ 5.2.b). 

185. See SSR, pp. 25-34. 
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c. The Acceptability of Solutions to Research Problems 


Just as new research problems can be identified by means of previously 
solved exemplary problems, so these same exemplary solutions offer 
implicit standards for the acceptability of candidate problem solutions, 
whether experimental or theoretical.'*° To be sure, assigning this role 
to the exemplary problem solutions makes sense only if here, too, they 
are conceived as encompassing the other moments of the disciplinary 
matrix. For a judgment regarding the acceptability of a proposed prob- 
lem solution is an evaluation of this proposal undertaken relative to 
accepted symbolic generalizations, ontological commitments, the heu- 
ristic models current in the community, and accepted standards of accu- 
racy, simplicity, and the like. 


186. SSR, pp. 6, 38-42, together with chap. 5, pp. 103-110; 1970c, SSR p. 184; 
1971b, ET p. 29. 


SUMMARY OF PART 11 


It 1s OF CENTRAL IMPORTANCE to Kuhn’s theory that the world, 
qua object of scientific knowledge, is a phenomenal world, for only a 
phenomenal world (of a certain type) may be meaningfully said to 
change in a scientific revolution. Such change, as we shall see in part 
3, is among the most important characteristics of scientific revolutions. 
The claim that the real world of a given community is a phenomenal 
world can be made plausible by exploring the process whereby mem- 
bers of the community gain access to it. Immediate similarity relations 
play a central role in this process; mastery over them assists in the 
constitution of objects in the appropriate world, of perception, and of 
the empirical concepts by means of which this world is described; at 
the same time, they contain implicit knowledge of this world. In order 
to learn the relevant similarity relations, reference must be made to 
objects and problem situations representative of the phenomenal world 
in question. These reside in the paradigms, and thus the key role of 
paradigms in Kuhn’s theory resides in their ability to fix the network 
of similarity and dissimilarity relations. Paradigmatic problem solu- 
tions also serve as models for the research tradition built on their foun- 
dation. 

Kuhn’s analysis of the constitution of phenomenal worlds runs 
afoul of the methodological problem regarding which assumptions 
may be made for purposes of such analysis. While these assumptions 
must be powerful enough to make the analysis possible, they must also 
be weak enough to preserve neutrality toward the plurality of different 
possible phenomenal worlds. Whether there are such assumptions and, 
if so, what they are, has to be left open. 
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The Dynamic of Scientific Knowledge 


AS RELATED IN CHAPTER 1, Kuhn’s theory of scientific development 
prepares the way for further discussion by targeting the structure of 
scientific development in the sense of a universal phase model of that 
process. But its central issue is the structure of scientific revolutions, 
their essential features and progressive phases. Revolutions are the 
breaks that occur between two successive phases of normal science. 
Thus many of their characteristics may be derived from the peculiar 
relationship between two such phases. So we must first determine what 
normal science is, as we will attempt to do in chapter 5. We will then 
be in a position to pin down the concept of a scientific revolution 
specific to Kuhn’s theory in chapter 6. In conclusion, we, will discuss 
the course revolutions take and the important forces that’ drive them 
in chapter 7. 


C HAPTER Bd We <E. 


Normal Science 


IN THIS CHAPTER, we will begin with a few provisional characteriza- 
tions of normal science (§ 5.1). Next we will develop the fundamental 
“‘puzzle-solving”’ metaphor Kuhn uses to describe the specifics of nor- 
mal science (§ 5.2) and classify the research problems of normal science 
(§ 5.3). We will then be in a position to understand why cumulative 
epistemic progress occurs in normal science (§ 5.4) and to discuss the 
conditions under which normal science is possible (§ 5.5). In conclu- 
sion, we will inquire into the function of those quasi-dogmatic features 
typical of normal science (§ 5.6). 


5.1 Normal Science: Provisional Characterization ” 


Normal science is a phase in scientific development which received 
less-than-satisfactory attention before Kuhn’s SSR.' And yet, on 
Kuhn’s view, without an understanding of normal science, significant 
features both of scientific training and of scientific development must 
remain unintelligible.* One central characteristic of normal science is— 
to a purely negative first approximation—that, though it somehow 
ignores the essential fallibility of human knowledge, it still isn’t an 
inferior form of science. Kuhn provocatively draws attention to this 


1. Compare this with, for example, Popper’s admission in his 1970, p. 52, despite 
his misunderstandings concerning what, precisely, Kuhn means by normal science (on 
this issue, q.v. Kuhn 1970a, ET p. 272). —In essence, the juxtaposition of normal 
and revolutionary scientific development can already be found in Conant: “Usually our 
conceptual schemes grow by an evolutionary process, by the gradual incorporation ofa 
series of amendments, so to speak. In this case [that of Torricelli] a completely new 
idea came along, and rendered obsolete the older one” (Conant 1947, p. 36). Scheibe 
demonstrated in his 1988, pp. 142-143, that this juxtaposition can be found as early as 
Boltzmann’s 1895 eulogy to Joseph Stefan (Boltzmann 1905, p. 94ff). 

2. 1963a, p. 369; SSR p. 24; 1970a, ET p. 272. 
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feature in the title of his essay, “The Function of Dogma in Scientific 
Research” (1963a).° Less provocatively, he speaks of research for which 
“the time for steady criticism and theory proliferation has passed,’’ 
“tradition-bound” practice,> research conducted “within a frame- 
work,”’® or “the result of a consensus among the members of a scientific 
community.”’ The suggestion is that certain elements of scientific 
knowledge aren’t open to dispute in normal science, since their validity 
is a matter of consensus within the scientific community. 

Even this largely negative characterization of normal science serves 
to explain why the two dominant strands of pre-Kuhnian philosophy 
of science failed, or mostly failed, to recognize it. For both logical 
positivism and critical rationalism saw science as an enterprise molded 
by the persistent awareness of the fallibility of human epistemic claims. 
This view of science is evidenced by the weight these approaches placed 
on the problems associated with protocol sentences or basic statements, 
and on testing or confirmation theory, respectively.® 

The existence of a dogmatic form of scientific practice—dogmatic 
in a sense we have yet to clarify—became apparent to Kuhn in compar- 
ing communication in communities of natural scientists and social sci- 
entists.? Constant debate over foundational questions, such as which 
fundamental concepts are applicable, which questions appropriate, and 
which research methods legitimate, is typical of the latter sort of com- 


3. To be sure, Kuhn partially retracts this provocative formulation when, in the text 
of 1963a, he confines himself to talk of “quasi-dogmatic commitments”; e.g. p. 347 n. 
1, p. 349. In the discussion following his presentation of 1963a, Kuhn eventually retracts 
his use of “dogma” entirely, in consideration of its inappropriate connotations; 1963b, 
pp. 390, 392. 

4. 1970b, p. 246. 

5. 1959a, ET pp. 227, 232, 234; SSR, p. 5; 1970c, SSR p. 208; ET pp. xvii-xviii; 
or similarly in the title of 1959a; SSR, pp. 11, 65, 90, 144; 1962b, p. 383; 1963a, p. 351; 
1970a, ET pp. 267-268 n. 4, 268; 1971a, p. 138. 

6. 1970b, p. 242, similarly p. 243. 

7. E.g. ET p. xviii; similarly 1961a, ET pp. 221-222, 227, 231-232; SSR pp. 4-5, 
10, 11; 1963a, p. 349. 

8. On this issue, consider the illustrative problems Kuhn faced even in explaining 
what he meant by normal science, especially to the critical rationalists (e.g. 1970b, pp. 
233, 236, 242, with reference to Watkins 1970 and Popper 1970; q.v. 1976b, p. 197 n. 
1). For the critical rationalists, of course, scientific activity which fails to test human 
knowledge constantly under the lasting assumption of its fallibility can only be inferior 
science, or strictly speaking, not science at all: “If Sir Karl [Popper] and I disagree at all 
about normal science, it is over this point. He and his group argue that the scientist 
should try at all times to be a critic and a proliferator of alternative theories. I urge the 
desirability of an alternate strategy which reserves such behaviour for special occasions”’ 
(1970b, p. 243). Also cf. Stegmitiller 1986, pp. 118ff. 

9. 1961a, ET p. 222; SSR, pp. vii—viii; ET, pp. xviii—xix; also SSR, p. 164. 
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munity. Such controversy is highly correlated with the fragmentation 
of the scientific community into competing schools. In the contempo- 
rary natural sciences, by contrast, such foundational questions recede 
from scientific controversy for long periods of time, though eventually 
the underlying consensus shatters, belying claims to finality.'° Kuhn 
calls sciences that have reached this stage the “mature” sciences.'! 
“Normal science”’ refers only to that stage of mature science in which 
scientific practice is sustained by a broad-based community consensus 
on foundational issues.” 

Normal science is thus simultaneously distinguished from two other 
stages of science, or forms of scientific practice. On the one hand, it’s 
distinct from the form of scientific practice typical of fields in which 
the conduct of research has never yet been sustained by any universal 
consensus. This way of conducting science | will later call “prenormal’’ 
science.'? Normal science is also distinct from phases of fundamental 
dissent within a science in its mature stage, dissent resulting from the 
collapse of a previous universal consensus. Kuhn calls this form of 
scientific practice “‘extraordinary science” or “science in crisis.””* 

What sort of positive characterization is appropriate to normal sci- 
ence? In SSR and other works written around the same time, Kuhn. 
designates paradigms as the foundation of the universal consensus men- 
tioned above, the consensus which makes possible the particular scien- 
tific practice characteristic of normal science.'® At the same time, his 
exposition of both broad and narrow paradigm concepts includes the 
provision that paradigms be subject to universal consensus among 
the relevant specialists. This exposition of the paradigm concept in 
the early 1960s leaves the terms “‘paradigm”’ and ‘“‘normal science”’ 
so closely associated that ‘‘normal” and “‘paradigm-governed”’ science 
become synonymous,’ for the universal acceptance of those scientific 
achievements called paradigms is both necessary and sufficient for the 


10. SSR, pp. vii-viii. —Compare § 4.1, along with chap. 6 and chap. 7. 

11. E.g. 1959a, p. 235; SSR, pp. 11, 12, 15, 69; 1964, ET p. 261; 1970b, pp. 244-245; 
1970c, SSR p. 179. —In other passages, Kuhn refers to the “postparadigm”’ stage; e.g. 
SSR, pp. ix, 32, 87; 1963a, p. 354; 1970b, p. 272 n. 1; 1970c, SSR p. 178; 1974a, ET p. 
295 n. 4. 

12. But recall the limiting qualifications placed on the status of apparently competi- 
tionless communities in § 1.1.b. 

13. See § 5.5.b. 

14. See § 7.3.b. 

15. SSR, chap. 3. 

16. Compare §§ 4.1 and 4.2.b. 

17. See e.g. SSR, pp. 11, 18, 23, 25, 100; 1963a, pp. 359, 361-362, 364. The close 
association of the notion of a paradigm with that of normal research is explicitly indicated 
in the relevant introductions of the paradigm concept; SSR, pp. viii, 10; 1963a, p. 358. 
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possibility of normal science. In his 1969 papers, however, Kuhn dis- 
solves this close association by removing the provision that the re- 
search-governing achievements must be universally accepted.'® And ac- 
cordingly, after 1969, it isn’t enough to characterize normal science as 
“paradigm-governed science,” for this attribute may also pertain to 
prenormal science. 

But the intention which originally led Kuhn to characterize normal 
science as paradigm governed is left untouched by the weakening of 
the paradigm concept. For the purpose of characterizing normal science 
as paradigm governed was to select the most salient feature in virtue 
of which this practice could be clearly distinguished not only from 
prenormal and extraordinary science but also from other creative fields. 
The task of normal science, as of all other phases of scientific develop- 
ment, is to strive toward the most general yet detailed account of 
nature, that can be achieved aiming in the process at the highest possible 
degree of both internal coherence and correspondence with the world. '? 
The characteristic feature of normal science now emerges as the fact 
that it performs this task in a manner fundamentally similar to puzzle- 
solving.” In the section which follows (§ 5.2), I will develop the analo- 
gies between puzzle-solving and normal science. These analogies, how- 
ever, fail to tell us anything about the typical contents of research 
problems faced by normal science. In order to further characterize nor- 
mal science, the contents of its research problems must be pinned 
down; this is the task of § 5.3. 


5.2 Analogies to Puzzle-solving 


At several points in Kuhn’s work, the “puzzle-solving’”’ metaphor for 
normal science is assigned a central role.*) Kuhn has crossword puzzles, 
jigsaw puzzles, or chess problems in view as the basis of the analogy.” 


18. Compare § 4.2.b. 

19. Compare § 1.2.c. 

20. 1970c, SSR p. 179. 

21. E.g. 1959a, ET pp. 234, 235, 237; 1961a, ET pp. 192, 221; SSR, chap. 4, pp. 
52, 69, 79, 80, 82, 100, 135, 140, 144-145, 152, 166; 1963a, pp. 349, 362, 363-364, 368; 
1969c, ET pp. 343, 346, 347; 1970a, ET pp. 270-271, 273, 274, 276, 277, 278; 1970b, 
pp. 246-247, 248, 254, 256; 1970c, SSR pp. 178, 179, 205, 209; 1974b, p. 455; ET, p. 
xvii; 1983c, p. 30. —The title of chap. 4 of SSR best expresses the great weight placed 
on the puzzle metaphor: “Normal Science as Puzzle-Solving.’”” —Also compare this 
metaphor with the analogy between research and game-playing in Staudinger 1984. 

22. SSR, p. 36, 38; 1970a, ET p. 271 n. 6. —The term “puzzle” (and doubtless also 
Kuhn’s choice of such examples as crossword puzzles) has led many authors to the view 
that the research problems of normal science weren't, on Kuhn’s view, “very serious or 
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For Kuhn, this analogy cuts deep enough to serve as a demarcation 
criterion separating the sciences from other creative enterprises such as 
the arts, broadly conceived, or philosophy.” 

The analogies between puzzle-solving and normal science can thus 
serve as a guide in the concrete determination of the type of research 
activity peculiar to normal science. But we are well advised to observe 
the limits of these analogies. The analogy between normal science and 
puzzle-solving involves the existence of regulations (§ 5.2.a), expecta- 
tions of solubility (§ 5.2.b), lack of any receptivity to fundamental 
innovation (§ 5.2.c), the inadequacy of describing these activities as 
tests or confirmations (§ 5.2.d), and the peculiar motivation of anyone 
who either solves puzzles or engages in normal science (§ 5.2.e). 


a. The Existence of Regulations 


Research in normal science, like puzzle-solving, consists in working 
out a certain kind of problem. The first analogy addresses, in a very 
general way, the type of problem-solving involved in both cases. The 
analogy consists in the fact that problem solving in both normal science 
and puzzle-solving is subject to certain regulations; that is, it operates 
under normative constraints. Regulations in the activity of normal sci- 
ence have the same function as the “rules of play”’ stipulated in puzzle- 
solving; in both cases, the permissibility of approaches tq solution and 
of the solutions themselves is regulated. In other words, neither the 
approach to a problem nor the acceptance of a proposed solution is 
entirely left to the whim of the player or scientist.” 

Of what sort are the regulations which must be observed in re- 
search practice of normal science? In SSR, Kuhn distinguishes four 
different kinds of regulation operating in this domain.” First, and most 
obviously, the scientist must adhere to those general propositions 
which explicitly express theories, laws, or definitions of concepts. Sec- 


very deep” (Popper 1970, p. 53 n. 1; similarly Putnam 1974, p. 261 and Réseberg 1984, 
p. 27). But this only applies if we assign seriousness and depth exclusively to scientific 
activities which aim toward conceptual innovation. 

23. 1970a, ET pp. 270, 272-277 (or, indirectly, SSR, p. 22). To be sure, according 
to Kuhn, one couldn’t expect this (or any other) criterion to serve as an unequivocal 
demarcation for all situations. 

24. 1959a, ET p. 237; SSR, pp. 5, 38-42; 1962b, p. 383; 1963a, pp. 349, 362-363; 
1970a, ET p. 273. 

25. SSR, pp. 40-42. —In this passage, Kuhn speaks of “rules,”’ a manner of speaking 
he admits, at the beginning of the passage, is ‘‘a considerably broadened use of the term 
‘rule’ ” (SSR, pp. 38-39) and retracts entirely at the passage’s end (p. 42, and chap. 5). 
By the end of this section it should be clear why Kuhn ultimately abandons even the 
term “rule,” and why, at the same time, I choose instead to talk of “regulations.” 
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ond, the scientist is bound to “a multitude of commitments to preferred 
types of instrumentation and to the ways in which accepted instruments 
may legitimately be employed.” Such commitments presuppose, for 
one, the validity of those theories which justify putting instrumentation 
to a particular use. In addition, the usual uses of equipment also involve 
a large number of implicit expectations regarding which situations may 
and, especially, which situations may not occur.’ 

Kuhn calls the third kind of regulation the realm of “quasi- 
metaphysical” commitments, convictions regarding the nature of that 
which physically exists, and, by implication, that which does not. Such 
ontological commitments also have a far-reaching methodological or 
scientifically normative meaning, for they dictate the nature of funda- 
mental laws, prescribe which sorts of explanation are legitimate, and 
decree which sort of research problem should be attacked. Fourth, 
there are highly abstract, timeless regulations which arise under the 
assumption that the enterprise in question is meant to be science at 
all,7* 

Throughout the phase of normal science, consensus over these reg- 
ulations reigns over the relevant community. Since paradigms form 
the core of any scientific consensus, Kuhn claims in SSR that such 
regulations are ‘““commitments that scientists derive from their para~ 
digms.””? Taken together, these regulations are thus nothing other than 
that which Kuhn attempted to capture, in his 1969 papers, under the 
notion of a disciplinary matrix: the sum of “‘all the shared commitments 
of a scientific group.””° 

We ought still to consider the proper limits on the analogy between 
puzzle-solving and normal science as regards the existence of regula~ 
tions. The analogy breaks down when it comes to the category to 
which the governing regulations belong. In the paradigm cases of puz~ 
zle-solving, regulations are placed on the relevant class of puzzle in the 
form of explicit rules of play; in a chess problem, for example, they 
stipulate which moves are allowed and how many may be made before 
checkmate. But one of the cornerstones of Kuhn’s philosophy of sci-~ 
ence is the thesis that research governed by paradigms isn’t a practice 
determined entirely by explicit or explicable rules.*’ Many of the regu- 
lations constraining the researcher’s whims are given implicitly, in the 


26. SSR, p. 40. 

27. SSR, pp. 59-60. 

28. On these timeless regulations, compare § 1.2.c. 
29. SSR, p. 40. 

30. 1974a, ET p. 294; compare §§ 4.2.a and 4.3. 
31. SSR, pp. 42, 88. —Compare § 4.1. 
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form of exemplary problem solutions with all their various moments, 
and can’t, in principle, be adequately restated as explicit guides to ac- 
tion, whether conditional or absolute. For this reason, I have chosen 
to call them “regulations” rather than “rules,” so as to preempt our 
mistaking them for explicit guides to action. 


b. Expectations of Solubility 


The expectation that there exists one (and perhaps only one) solution 
to a chosen problem which accords with regulations is constitutive of 
the conduct of both puzzle-solving and normal science.” This analogy 
breaks down, however, when we inquire into the source of such expec- 
tations. In the case of puzzle-solving, the human constructor (or inven- 
tor) of the puzzle, together with the institutions which make the puzzle 
accessible to the puzzle-solver, serve as guarantors of the puzzle’s solu- 
bility. The constructor of such puzzles often proceeds with an assumed 
solution in mind, and, taking the regulations the puzzle-solver will 
have to follow into account, invents an appropriate puzzle. 

In the case of the research problems of normal science, however, 
expectations of solubility are grounded in something else. Prospec- 
tively soluble research problems of science aren’t “invented” or “‘con- 
structed.”’ Neither do they lie so close to hand as to be simply “given,” 
though what are given in this sense are problems for which there is no 
justified expectation of their solubility. The research probleths of nor- 
mal science are rather ‘‘discovered,” “found,” or ‘“‘selected,”’ namely 
as guided by paradigms in the sense of exemplary problem solutions.?3 
Once a given phenomenal world has been constituted (which process 
also involves a moment of construction),* the identification of soluble 
research problems is a matter not of constructing but rather of finding 
them. The expectation that a given research problem is soluble arises 
in part from its analogy to previously solved paradigmatic problems. 
This analogy initially only allows us to suppose that a solution to the 
problem is possible in principle. The solution must, in addition, be 
practically feasible, given available instrumentation, personnel, funding, 
and time. Here, too, analogies with previously solved problems pro- 
vide some points of reference. 

It is a historical fact that, in the course of normal science, expecta- 


32. 1959a, ET pp. 234, 235; SSR pp. 28, 37-38, 42, 68, 96, 151-152, 164; 1963a, p. 
362; 1964, ET p. 262; 1969, ET p. 346; 1970a, ET pp. 270-271; 1970c, SSR p. 179; 
1974b, p. 455. 

33. Compare § 4.4.b. 

34. Compare chap. 3, especially § 3.2. 
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tions regarding the solubility of chosen research problems grounded in 
this way tend, over long periods of time, not to be disappointed. How 
this fact ought to be understood is another question, one which remains 
open within the scope of Kuhn’s theory.* 


c. No Intention of Fundamental Innovation 


Like puzzle-solving, the solution of research problems in normal sci- 
ence is conducted without any intention of introducing fundamental 
innovations. ‘Fundamental innovations” here refers to innovations af- 
fecting the governing regulations. So within normal science, neither 
the conceptual system employed in exemplary problem solutions and 
symbolic generalizations, nor the generalizations themselves, nor the 
means of identifying and solving research problems is under review. 
Regulations are constitutive of both puzzle-solving and normal science 
and thus aren’t open to dispute over the course of these activities. 
Given the absence in normal science of any receptivity to fundamental 
innovation, it’s understandable that many features of the problem solu- 
tions of normal science will be anticipated.*° 

The commitment to regulations doesn’t, however, exclude the 
possible discovery, within the bounds set by them, of new methods of 
solution. This possibility obviously also applies to puzzles. Neither is 
normal science always an uncreative, merely repetitive routine.*” On 
the contrary, overcoming often extraordinarily difficult problems of 
the instrumental, conceptual, and mathematical varieties*® sometimes 
requires a superlative degree of innovative fantasy. New phenomena 
and entities are also discovered in normal science. But these aren’t 
“unexpected discoveries”’ “which could not be predicted from accepted 
theory in advance and which therefore caught the assembled profession 
by surprise.”°? It is rather anticipated phenomena and entities that are 
discovered in the course of normal science, and accordingly, such dis- 
coveries are ‘‘an occasion only for congratulations, not for surprise.”’*° 


35. SSR, p. 173. 

36. 1959a, ET pp. 225, 227, 232, 233-234, 235; 1961a, ET pp. 187, 192, 197; SSR, 
pp. 24, 29, 35, 36, 52-53, 59, 61, 64, 65, 66-67, 76, 96, 122, 163-164; 1962d, 
ET pp. 166-167; 1963a, pp. 348, 362, 363, 364, 365, 368. 

37. 1959a, ET p. 235; 1961a, ET pp. 192-198, 208-209; SSR, pp. 36, 38, 135; 1962d, 
ET p. 167; 1970b, p. 246; 1976b, p. 197 n. 1. 

38. See § 5.3 for a taxonomy of the research problems of normal science. 

39. 1962d, ET p. 166; similarly SSR, p. 52; 1963a, p. 365. —See § 7.2 below on 
unexpected discoveries. 

40. SSR, p. 58; similarly 1962d, ET p. 166-167; 1963a, p. 365. Here Kuhn also 
cites his standard example for the sort of discovery which occurs in normal science: the 
discovery of new chemical elements whose existence had been predicted by the periodic 
table. 
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This analogy with puzzle-solving has the following limitation. Not 
only is normal science not oriented toward fundamental innovation, it 
also exhibits a certain tendency to repress such problems and phenom- 
ena as might call basic regulations into question.’ Similarly, during 
the phase of normal science, scientists reject suggested changes in the 
governing regulations. Here the dogmatic tendency of normal science 
is most pronounced.” Puzzle-solving apparently offers no analogy to 
this phenomenon. Yet a further disanalogy consists in the fact that, in 
normal science, critical phenomena and problems can’t be repressed 
forever. For according to Kuhn, normal science presses beyond itself 
toward scientific revolution, * a tendency which puzzle-solving appar- 
ently lacks. 

Normal science, then, doesn’t seek basic innovations but instead 
works within certain set bounds. This feature grounds three further 
metaphors employed by Kuhn in characterizing normal science. For 
one, Kuhn talks of normal science’s being ‘‘an attempt to force nature 
into the preformed and relatively inflexible box that the paradigm sup- 
plies.”’** Kuhn also describes normal science as “mop-up work” or 
“mopping-up operations” in which the expectations of success engen- 
dered by previous solutions are actually fulfilled. And finally, he com- 
pares the activity of normal science with an attempt “‘to elucidate topo- 
graphical detail on a map whose main outlines are available in 
advance.””*6 


d. Neither Test nor Confirmation 


Closely associated with the above analogy between puzzle-solving and 
normal science is the further parallel that neither puzzle-solving nor 
normal science can properly be seen as a “‘test”’ or “confirmation” of 
its governing rules.*”? This claim may be understood in at least three 
ways. 


1. For one, the claim might concern the individual motivation of the 
puzzle-solver or normal scientist. In the case of the puzzle-solver, it’s 
obviously true; for the puzzle-solver (at least in the normal case) has 


41. SSR, p. 5-6, 24, 62, 64; 1963a, pp. 348, 360, 364; 1964, ET p. 262. 

42. Compare § 5.1. —This dogmatic tendency is also manifest in normal science’s 
approach to training; see § 5.5.a below. 

43. On this issue, see § 7.1 below. 

44. SSR, p. 24, similarly pp. 5, 151-152; 1970a, ET pp. 270-271; 1970b, pp. 260, 
263; 1981, p. 9; also 1961a, ET pp. 193-198. 

45. 1961a, ET p. 188; SSR, p. 24. 

46, 1959a, ET p. 235; similarly SSR, p. 109. 

47, 1961a, ET pp. 187, 192, 197; SSR pp. 80, 144-145, 146; 1970a, ET pp. 270-272. 
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no intention of confirming or testing the rules of play (whatever that 
might mean). Neither, according to Kuhn, is the desire to confirm or 
test the governing regulations the dominant component of the normal 
scientist’s individual motivation. In § 5.2.e, we will return to discuss 
the analogy between the individual motivations of those who solve 
puzzles and those who engage in normal science. 


2. The claim that neither puzzle-solving nor normal science con- 
sists in testing or confirming the governing regulations might also be 
taken as referring to the institutional goals of puzzle-solving and normal 
science.*® Once again, the claim is obviously true of puzzle-solving. 
Kuhn understands normal science as having a different institutional 
goal, that of bringing accepted theory into improved and expanded 
correspondence with nature.*? Of course, ‘‘nature”’ here refers to a 
phenomenal world, the phenomenal world to which the members of 
the appropriate community have been socialized by their culture and 
special training.’ The regulations binding on the conduct of normal 
science make just this institutional goal explicit; 


this srong network of commitments—conceptual, theoretical, in- 
strumental, and methodological . . . provides rules that tell the 
practitioner of a mature specialty what both the world and his 
science are like.*! 


This commitment to a set of regulations means that describing their 
role as that of something to be tested or confirmed would be a category 
mistake; for the testing or confirmation of some thing is possible only 
when that thing is open to dispute. The regulations which govern 
normal science, however, are constitutive of this form of scientific 
practice and are thus not open to dispute within it. 

This institutional goal of normal science has three consequences. 


48. What I call “institutional goals’’ might also be dubbed ‘‘functional purpose.” 
Kuhn often speaks of ‘functions.’ Examples include the titles of 1961a, ““The Function of 
Measurement in Modern Physical Science,” 1963a, ““The Function of Dogma in Scientific 
Research,” and 1964, “A Function for Thought Experiments.”’ 

49. 1959a, ET p. 233; 1961a, ET p. 192; SSR, pp. 36, 52, 64-65, 80, 122, 135, 152; 
1963a, pp. 353, 360-361, 363, 367; 1964, ET p. 262; 1968a, ET p. 119; 1970b, pp. 237, 
246, 250; compare § 5.1. —Exactly what “improved correspondence” might involve for 
a given scientific community is given by the community’s characteristic version of scien- 
tific values (Compare § 4.3.c). 

50. Compare Ch. 3, especially § 3.4, along with § 5.5.a below. 

51. SSR, p. 42. 

52. Normal science has another, indirect institutional goal of great importance to 
Kuhn’s theory, that of meeting the preconditions for the renewal of its governing regula- 
tions or preparing the way for a scientific revolution; on this issue, see § 7.1 below. 
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First of all, the commitment to regulations allows a highly directed 
and thus also highly detailed, efficient, and cooperative form of re- 
search to attack both problem selection and problem solving, a form 
of research which seemingly can’t be realized without such commit- 
ments. 

Second, this same commitment explains the often esoteric character 
of work in normal science.** For such work is intelligible only to one 
who understands the conceptual and instrumental details of the exem- 
plary problem solutions and, along with them, the governing regula- 
tions; and this understanding is precisely what most outsiders lack. 

Third, this commitment explains why it’s legitimate, in normal 
science, to set aside certain unsatisfactorily solved or, for the moment, 
insoluble problems, attacking instead problems which appear soluble. 


For 


no theory ever solves all the puzzles with which it is confronted 
at a given time; nor are the solutions already achieved often 
perfect.*° 


Such behavior would stand in opposition to the institutional goal of 
normal science, if this goal were to test regulations. If it were, every 
empirical deviation from theory would have to be pursued until a defi- 
nite decision was reached on whether or not the problem is soluble 
within the bounds set by governing regulations. But in practice, the 
large number of possible reasons for such empirical deviation often 
makes these definite decisions impossible.*” As far as the goal of im- 
proving the corespondence of theory with nature is concerned, how- 
ever, what counts are the successful applications of theory; problems 
which, for the moment, can’t be solved at all, or can be solved only 
unsatisfactorily, may be set aside. 


3. Finally, the claim that neither puzzle-solving nor normal science 
serves as a test or confirmation of the governing regulations can be 
understood in yet a third sense. To be sure, puzzle-solving and normal 
science aren’t manifestly directed, either individually or institutionally, 


53. 1959a, ET pp. 235-236, 237; SSR, pp. 18, 22, 24-25, 42, 64-65, 76, 96, 152, 
163-164; 1963a, pp. 356-357, 363; 1964, ET pp. 261-262; 1970b, pp. 243, 247; 1970c, 
SSR p. 178. —See § 5.6 below. 

54. 1959a, ET pp. 235, 236; SSR, pp. 11, 18, 20, 23, 24, 42, 64, 163-164; 1963a, pp. 
357, 363; 1970b, pp. 247, 254; 1970c, SSR p. 178. 

55. 1959a, ET pp. 234, 236; 1961a, ET pp. 202, 203-204; SSR, pp. 18, 79-80, 81-82, 
96, 110, 146-147; 1963a, p. 365; 1963b, p. 392; 1964, ET p. 262. 

56. SSR, p. 146; similarly pp. 79, 81, 110, 147. 

57. 1961a, ET p. 202. —On this issue, also see Lakatos 1970, § 2a. 
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toward any kind of test or confirmation. But a test or confirmation of 
the governing regulations might still be an unintended by-product of 
puzzle-solving or normal science. Testing or confirmation of regula- 
tions might prove a latent function of normal science. ® Puzzle-solving 
and normal science might then be conceived as testing or confirmation, 
in the sense that, though this interpretation of such activities doesn’t 
reflect the manifest intentions of either individuals or institutions, it 
still captures unintended aspects of them. 

Let us consider first an interpretation of normal science that at- 
tempts to view it as an unintended test of regulations. The fact that the 
failure of individual attempts at problem-solving is taken not as a sign 
of flawed regulations but rather as a sign of incompetence on the part 
of the implicated scientist speaks against this interpretation.» Though 
this claim seems rather odd at first blush, it may be unpacked with the 
help of a fact cited under point 2 above, that normal science always 
contains arbitrarily many problems deemed soluble “in principle” 
whose actual solution remains, for whatever reason, impossible. The 
scientist must thus be in a position to recognize the practically soluble 
problems for what they are; the more surprising the solution, the more 
original its exploitation of the limits set by regulations, the greater the 
scientific achievement. Accordingly, a miscarried attempt at solution 
can initially only be taken as evidence either that the problem isn’t 
soluble at present or that the implicated scientist is too poorly endowed 
to solve it. In either case the failure reflects back on the scientist, in the 
former case because of his or her inability to recognize the problem’s 
practical insolubility early enough and in the latter because of his or 
her inability actually to provide the solution. Of course it’s possible, 
in principle, that the accepted regulations really are inadequate and 
should be replaced, just as it’s possible that an error in construction or 
printing is responsible for a crossword puzzle’s intransigence. But this 
parallel to puzzle-solving sheds light on what’s unique about research 
in normal science: initially, this possibility, though “‘in principle con- 
ceivable,” appears a mere excuse. 

Under these circumstances, the activity of normal science thus 
can’t be conceived as the unintended testing of regulations (at most, 
what’s tested is the scientist!). But neither, under these circumstances, 


58. See Merton 1968, pp. 73-138, on the notions of “manifest” and “latent” func- 
tions; for a discussion of latent functions as a subset of unintended consequences of 
action, see ibid., p. 105, n. *. 

59. 1959a, ET p. 234; 1961a, ET p. 192; SSR, pp. 35, 35-36, 37, 80; 1963a, pp. 362, 
365; 1970a, ET p. 271, with n. 6, p. 273; 1974b, p. 455. —As to how matters stand with 
regard to the significant anomalies which often lead to a departure from normal science 
itself, we will have to wait until later; see § 7.1. 
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may we speak of normal science as a de facto, though unintentional, 
confirmation of the governing regulations. For confirmation, in the strict 
sense, can only occur against a background of possible refutation. Just 
this possibility is ruled out within normal science. Similarly, the rules 
of play for established kinds of puzzles aren’t “tested” or “confirmed” 
by the success, failure, or abandonment from boredom of individual 
attempts at solution. 

And so the claim that neither puzzle-solving nor normal science 
can be conceived as a test or confirmation of the governing regulations 
is valid under all surveyed interpretations. In one respect, though, the 
analogy breaks down, for just what does it mean to claim that a puzzle’s 
rules of play aren’t tested or confirmed? Justified as this question is, it 
doesn’t really touch the heart of the analogy. This consists in the fact 
that the calling into question implicit in our concepts of testing and con- 
firmation is appropriate in neither puzzle-solving nor normal science. 
What both activities have in common is that they’re conducted under 
the assumption that such questioning of regulations has been ruled out. 


e. Individual Motivation 


The last analogy between normal science and puzzle-solving concerns 
the individual motivation of someone who solves puzzles or engages 
in normal science. Neither puzzle-solving nor normal science is moti- 
vated primarily by some intended product of the activity outside the 
activity itself. Again, this is obviously true of puzzle-solving, for a 
solved puzzle generally doesn’t have an especially high intrinsic value. 
The puzzle’s consructor knows its solution to begin with, anyway, and 
if the solution were all that mattered, there would be many simpler 
ways of acquiring it. The problems of normal science behave similarly; 
since they serve neither testing nor confirmation,” and since many 
features of their solutions are known in advance,” the substantive 
worth of solved problems of normal science isn’t great enough to ex- 
plain the care and devotion scientists exhibit in attacking them.° What 


60. 1959a, ET pp. 234, 235, 237; SSR, pp. 24, 36, 37~38, 42, 135; 1963a, pp. 362— 
363; 1970a, ET p. 290; 1970b, p. 246. 

61. Compare § 5.2.d. 

62. Compare § 5.2.c. 

63. This should by no means be taken to mean that the solutions to problems of 
normal science are of no scientific value. For they are naturally seen in light of the 
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intellectual curiosity and the like play a role here (SSR, pp. 37-38). And yet such drives, 
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is decisively motivational in both cases, our analogy tells us, is the fact 
of a solution’s success (and perhaps some peculiarities of the strategy 
which produced it). Since the existence of a solution to the problem 
has been presuppposed,™ whether and, if so, how the goal is reached 
depends entirely on the puzzle-solver’s or researcher’s abilities. The 
fascination and personal challenge typically asserted by both puzzles 
and normal science—on a certain kind of person, anyway—is thus 
accounted for. The chief motivation toward the activity of normal 
science consists in the opportunity to prove one’s own ability under 
conditions known to and accepted by the community.® These condi- 
tions set the stage for a transparent competition for reputation within 
the community.® 


5.3. The Research Problems of Normal Science 


To begin with, the research problems of normal science may be charac- 
terized negatively: such problems aren’t selected for social, economic, 
or other reasons external to science.*’ For one feature of scientific com- 
munities in the phase of normal science is that they tend to be extremely 
isolated from the rest of society, as compared with other communi- 
ties. Concretely, this isolation means, for a given community, that 


—The vocabulary and techniques employed in the community 
are largely inaccessible to outsiders. 

—Scientific communication by members of the community is 
exclusively directed at other members of the community. 

—Only members of the community are accepted as competent 
to evaluate the quality of scientific work. 

—Engagement with the problems of normal science is prescribed 
by goals internal to science. 


It is obvious enough that the institutional goal of normal science is 
internal to science, for it consists simply in expanding and improving 
the correspondence of theory with nature.° 


if they survive the training period, are hardly satisfied by individual participation in 
normal science. 

64. Compare § 5.2.b. 

65. Compare § 5.2.a. 

66. SSR, p. 36; 1963a, p. 363; 1970a, ET p. 290; also 1983c, p. 30; 1984, pp. 250-251. 

67. 1959a, ET pp. 237-238; SSR, pp. 36-37, 96, 164; 1962b, p. 383; 1964, ET pp. 
261-262; 1968a, ET p. 119. 

68. SSR, pp. 164, 168; 1963a, pp. 359-360; 1968a, ET pp. 118-119; 1970b, as 254; 
1971c, ET p. 160; 1976a, ET p. 36; ET, p. xv. 

69. Compare § 5.1 and § 5.2.d, point 2. 
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The primary way of attaining this institutional goal is to take the 
success contained in exemplary problem solutions as a grail for the 
scientific endeavor.’ Why should such an approach be regarded as 
realistic in pursuit of this goal? Its acceptance is grounded in the scien- 
tific community’s conviction that the successful solution of an exem- 
plary problem is neither coincidental nor singular. On the contrary, 
this success is the result of a correct focus on central aspects of the 
world; ‘“‘Normal science . . . is predicated on the assumption that the 
scientific community knows what the world is like.’”’”! Such previously 
attained knowledge of the world is expressed in the exemplary problem 
solutions.” The work of normal science thus consists in exploiting the 
knowledge potential implicit in (and not, in principle, entirely separable 
from)” exemplary problem solutions, by employing the immediate 
similarity relations to identify soluble research problems.” 

It is the dependence of even the problematic character of the problems 
of normal science on exemplary problems and their solutions”> that 
accounts in large part for the historicity of science. For, with a change 
in exemplary problem solutions and the consequent change in phenom- 
enal world, the questions which may meaningfully be posed and ad- 
dressed generally also change.” 

According to Kuhn, normal science exploits the potential of exem- 
plary problem solutions in three overlapping domains. Within each of 
these domains, the more observational or experimental problems can 
be distinguished from the more theoretical problems.” 7 

The first domain is that of the theoretical or experimental determi- 


70. In § 4.1, I called this goal the “globally normative aspect of consensus over 
concrete problem solutions”’; see also § 4.4. 
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empirical concepts contained in these equations can’t be extracted from prior successful 
applications of the theory; see §§ 3.6 and 4.3.e. 
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nation of those facts, such as the parameters of relevant materials, the 
knowledge of which is a necessary condition for any concrete applica- 
tion of theory. The relevance of such facts can be inferred from the 
appropriate exemplary problem solutions. 

The second domain concerns the improvement of correspondence 
between theory and observation or experiment. ‘This involves both the 
quantitative improvement of existing comparisons between theory and 
empirical results and the procurement of new opportunities for com- 
parison. In both cases, theoretical as well as experimental or observa- 
tional work is called for. 

Third, normal science seeks to articulate further the theory it em- 
ploys in problem-solving. On the part of experiment and observation, 
this task involves the more precise determination of physical constants, 
measurements in the service of a quantitative formulation of laws previ- 
ously only formulated qualitatively, and experimental efforts toward 
applying theory to classes of phenomena for which the possibility of 
such application has been posited but not yet accomplished. More theo- 
retical investigations include attempts to clarify existing theory by pro- 
ducing new, equivalent formulations. 


5.4 Progress in Normal Science 


Before I consider whether and, if so, in what sense normal science 
exhibits progress, I will attempt a general exposition of the notion of 
progress. This exposition is needed because the truth of claims about 
the presence or absence of progress must naturally depend on which 
notion of progress they employ. 

The assertion that a given process, or a given thing (individual, 
institution, group of people, project) engaged in a process, makes prog- 
ress has three implications.” First, it implies that later phases of the 
process exhibit gain in one or another respect, as compared with earlier 
phases. Progress always involves gain in some particular respect and is 
distinguished from its complement, “mere change,” by the latter’s lack 
of any direction toward gain. Second, that respect in which gain is 
manifest is no mere contingent aspect of the process. On the contrary, 
it must in some sense be crucial to the thing involved in the process, the 
“reference point’”’” of the process. Third, applying the term “progress” 
mostly involves a positive value judgement; gain in that respect impor- 
tant to the reference point of the process is seen as positive relative to 


78. See Hoyningen-Huene 1984b. 
79. See Liibbe 1977, p. 75ff, on the notion of a “reference point” [Referenzsubjekt]. 
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some particular value scale. This positive value judgement is sometimes 
lacking, as when we speak of the progress of a disease. But for our 
purposes we may neglect any such ambiguity in the notion of progress. 

Ignoring for the moment one qualification (to be discussed later), 
normal science is an enterprise which, for Kuhn, unquestionably exhib- 
its progress. Such progress is “both obvious and assured.’”®° The latter 
attribute is meant to suggest that progress is an “inevitable” product 
of the methodological endowment of normal science.*! For Kuhn, this 
progress is of a paticular variety, that of “‘linear,” “‘additive,”’ or ‘“‘cu- 
mulative” epistemic progress.” 

In order to understand these features of the epistemic progress of 
normal science, we must consider the characteristics of normal science 
together. We recall, first of all, that normal science is a research practice 
in which fundamental innovation is neither intended nor even permit- 
ted.* The newly gained insights of normal science are thus compatible 
with previously available knowledge, and they replace not earlier (ap- 
parent) knowledge but only ignorance—at least to the extent to which 
they weren’t anticipated already.** Furthermore, research problems are 
selected in accordance with the institutional goals of normal science; 
each successfully solved problem improves or expands the correspon- 
dence of theory with nature.*® Finally, only those problems whose 
solution is actually possible given the available means are addressed. 
Problems whose solution is impossible on practical grounds are ne- 
glected, along with those that are later discovered insoluble in principle 
with the means available in this form of normal science.™ 

When we consider these characteristics of normal science in light 
of our earlier general exposition of the notion of progress, Kuhn’s 


” 


80. SSR, p. 163; 1970b, p. 245. 

81. SSR, p. 166. 

82. SSR, p. 52, 53, 96, 139; 1962d, ET p. 175; 1970b, p. 250; 1977b, ET p. 19; 1981, 
pp. 7-8, 18-19. 

83. Compare § 5.2.c. 

84. SSR, p. 95; 1962d, ET pp. 166-167, 175; 1963a, p. 365; 1977b, ET p. 19. —This 
presentation of normal science as a practice in which no knowledge is corrected or 
replaced but rather ignorance makes room for new knowledge is somewhat idealized. In 
fact, previously available knowledge may be corrected even in normal science, as Kuhn 
explicitly admits in later work (1981, p. 19). But these corrections occur in such a way 
as to leave the present phenomenal world untouched. What’s meant by “untouched” can 
relatively easily be made clear by reference to examples. These corrections are limited, for 
example, to minimal quantitative corrections of physical constants, with no far-reaching 
consequences. Still, the problem of a general distinction between “normal” and “revolu- 
tionary”’ scientific development remains, and I will return to it in chap. 6. 

85. Compare §§ 5.1, 5.2.d, point 2, and 5.3. 

86. Compare § 5.2.d, point 2. 


184 / The Dynamic of Scientific Knowledge 


conception of progress in normal science becomes entirely transparent. 
Given the mode of problem selection operative in normal science and 
the compatibility of new knowledge with old, increase in knowledge 
of the (current phenomenal) world must, for so long as it is possible 
at all, be cumulative and inexorable. Since this increase in knowledge is 
guided by the institutional goal of normal science, it must, trivially, 
be both crucial to and positively valued within normal science. The 
three general features of progress discussed above are thus all present. 
It follows that normal science necessarily exhibits cumulative epistemic 
progress. Since the cumulative nature of this epistemic progress is so 
closely associated with the typical characteristics of normal science, 
normal science might even be defined as that form of scientific practice 
that proceeds cumulatively.*” 

But with its variety of different, and at first blush contradictory, 
assertions about progress in normal science, Kuhn’s SSR raises certain 
problems. On the one hand Kuhn claims, just as we’ve so far been led 
to expect, that 


In its normal state, then, a scientific community is an immensely 
efficient instrument for solving the problems or puzzles that its 
paradigms define. Furthermore, the result of solving those prob- 
lems must inevitably be progress. There is no problem here.® 


But on the other hand, SSR also contains sentences such as these: 


Viewed from within any single community . . . the result of 
successful creative work is progress. How could it possibly be 
anything else? .. . 
... During those periods [of normal science] . . . the scientific 
community could view the fruits of its work in no other way. 
With respect to normal science, then, part of the answer to 
the problem of progress lies simply in the eye of the beholder.®? 


Here Kuhn appears to be speaking as if the appearance of progress in 
normal science were the product only of a certain perspective, and 
what’s more, a perspective guilty of massive prejudice. 

The apparent tension between these assertions dissolves when we 
recall our original analysis of the notion of progress. In a certain sense, 
the progress exhibited by normal science is indeed objective. Relative 
to the phenomenal world in which normal science is conducted, to 


87. Kuhn at least approximates such definition in his 1981, pp. 7-8, 19; also see SSR, 
p. 92, and 1970b, p. 250. 

88. SSR, p. 166. 

89. SSR, pp. 162-163, original emphasis. 
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previously available knowledge of this phenomenal world, and to the 
institutional goal of normal science, a positively valued increase in 
knowledge must necessarily occur. In this sense, there really is no 
problem here. The question remains whether the premises under which 
such progress is established are actually accepted. Of course they are 
accepted by the community engaged in normal science in the appro- 
priate phenomenal world, for these are the only premises under which 
this community’s work can be conducted. To this extent, “the scientific 
community could view the fruits of its work in no other way.” An 
external observer, however, who saw prior knowledge of this phenom- 
enal world as riddled with error, and thus as unworthy of expansion, 
would reject these premises. Though even this observer couldn’t deny 
that progress occurs by the standards of the community, he or she 
would discard these standards. 

This kind of relativity presumably obtains wherever claims of 
progress are made. For such claims always rest on certain premises, 
the acceptance of which isn’t mandatory. In view of this situation, 
progress in normal science has two special features. For one, within 
normal science, the requisite consensus over the premises which sanc- 
tion claims of progress actually exists. Furthermore, normal science is 
an enterprise in which knowledge-producing communities are largely 
isolated from other communities.” And so all opportunities for con- 
vincingly applying external standards to normal science are quite lim- 
ited. Thus normal science appears in fact to be largely exefmpt from 
doubts regarding its progress, though these remain possible in principle. 
For this reason, our current concept of science even includes progres- 
siveness as one component in its meaning.”! 


5.5 What Makes Normal Science Possible? 


The question, What makes normal science possible? aims at the condi- 
tions which must be met in order for normal science to occur. I will 
here consider conditions of two kinds. First, one might ask after the 
details of the form of training which enables the individual scientist to 
practice normal science successfully (§ 5.5.a). One might also ask, from 
a historical perspective, under what conditions normal science can arise 
to begin with (§ 5.5.b). The conditions under which a shattered scien- 
tific consensus may be reconstituted, that is, the conditions under 


90. Compare § 5.3. 
91. SSR, p. 160-162. 
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which a resumption of normal science is possible, will have to wait 
until chapter 7. 


a. Training Preparatory for Practicing Normal Science 


Let us first consider the medium of instruction typical of training for 
normal science.”? This medium is the scientific textbook written espe- 
cially for students. The dominance of textbooks in training for normal 
science leads, first of all, to the almost complete insulation of students 
from the primary literature, from those publications in which scientists 
originally communicate, or communicated, their results.” The student 
continues to read almost no original work in the research tradition for 
which he or she is being trained, right up to shortly before he or she 
begins productively engaging in scientific work. Those original reports 
he or she finally reads relay, as a rule, the latest work in the field 
and not the work which founded the field to begin with. The student 
generally has absolutely no contact with the primary literature thought 
to be scientifically obsolete, for such literature treats the field with 
different basic concepts, lines of inquiry, theories, and standards for 
solutions. 

Instead, textbooks present, first and foremost, those scientific 
achievements subject to consensus within the appropriate scientific 
community. In particular, these include certain problems along with 
their solutions, where the community’s current theories, models, as- 
sumptions, and the like are expressed in these solutions. These problem 
solutions are presented (in good textbooks, at least) in their most mod- 
ern form and not in that most faithful to the historical originals. Stu- 
dents are then assigned problems similar to those presented to solve by 
themselves, using theory or experiment. Different roughly contempo- 
rary textbooks don’t exhibit any important differences in their selec- 
tions of concrete problems and solutions, let alone in the theories they 
present, but rather differ mostly in their didactic details. Textbooks 
neither systematically discuss the range of currently unsolved problems 
and appropriate methods of attacking them nor treat those scientific 
concepts, questions, theories, and standards deemed obsolete in any 
detail, let alone in a historically adequate manner.” 


92. On the following, see 1959a, ET pp. 227-230, 232, 237; 1961a, ET pp. 186-187; 
SSR pp. 5, 43, 46-47, 80-81, 111-112, 136-138, 165-166, 168-169; 1963a, pp. 350-351; 
1963b, pp. 391, 393; 1970b, pp. 250, 272-274; 1970c, SSR pp. 188-191; 1974a, ET pp. 
305-308; 1976b, p. 181; 1981, pp. 20-21; 1985, p. 25; 1990, p. 314. 

93. With regard to the degree of insulation, there are differences from discipline to 
discipline, though these aren’t especially far-reaching; 1963a, p. 350 n. 1. 

94. Compare § 1.2.a. 


Normal Science / 187 


Now let us ask what isn’t learned in the course of such training. 
Three gaps are particularly evident. First of all, the student receives no 
adequate view of the past of his or her field. On the contrary, this form 
of training often leaves scientists with a sometimes even grotesquely 
distorted impression of their past. Second, during the course of this 
training, the student receives no general overview of the present status 
of research in his or her field, or at most, receives one at the very end 
of training. In general, though, this overview is acquired only over the 
course of the student’s own productive scientific efforts. Third, this 
form of training promotes highly ‘“‘convergent” modes of thought. 
Such convergence discourages any comparative evaluation of different 
possible ways of doing science in the given field. To attempt such an 
evaluation, the student would have to be as thoroughly familiar with 
historical and contemporary alternatives to the dominant research prac- 
tice as he or she is with accepted tradition. He or she would also have 
to be in a position to estimate the actual potential for solving previously 
unsolved problems afforded by the tradition into which he or she has 
been inculcated. Finally, the goals and techniques of comparative evalu- 
ation would have to be transmitted and practiced. The form of training 
currently under discussion offers none of these; instead, it merely ear- 
nestly initiates the student into a single tradition. 

But what is the positive yield of this kind of training process? Two 
items are especially noteworthy. First, the student gains access to the 
(region of the) phenomenal world relevant to the work 6f his or her 
community.” For, especially by means of the demonstrated exemplary 
problem solutions and the student’s own exercises, the student appro- 
priates the similarity relations constitutive of this region of the phe- 
nomenal world. At the same time, he or she acquires the available 
explicit and implicit knowledge about this same region. Second, the 
student gains an extraordinarily efficient mastery over the techniques 
employed in finding and solving the problems of normal science in the 
relevant region of the phenomenal world, techniques which employ 
the analogies, furnished by the immediate similarity relations, between 
previously solved and unsolved problems.” This technique permits the 
employment of knowledge of the relevant region of the phenomenal 
world implicit in previously solved problems for identifying and solv- 
ing new problems. 

The kind of education which enables someone to practice normal 
science contains, in virtue of its orientation toward convergent modes 
of thought, a highly authoritative moment. Accordingly, Kuhn also 


95. Compare chaps. 3 and 4. 
96. Compare §§ 3.6.¢, 4.4, 5.2, and 5.3. 
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calls it “‘a narrow and rigid education, probably more so than any other 
except perhaps in orthodox theology.””’ For what the student receives 
is 


a relatively dogmatic initiation into a previously established 
problem-solving tradition that the student is neither invited nor 
equipped to evaluate.” 


Scientists who have undergone the training which enables them to 
do normal science are thus socialized toward carrying on a particular 
tradition of problem-solving in a particular phenomenal world without 
gaining any access to alternatives. This training, however, obviously 
leaves room for individual differences in degree of identification with 
the given tradition of normal science. The internal distance with which 
an individual practices normal science and the degree to which he or 
she retains (private) conceptions of alternative forms of science, or 
alternative worlds, are irrelevant so long as he or she continues to 
adhere to the regulations of normal science.” During the training pro- 
cess, only those individuals who are either unwilling to undertake or 
incapable of engaging in the appropriate puzzle-solving activity are 
weeded out. 

This powerful moment of authority in training for normal science, 
preserved throughout the conduct of normal science itself, is what 
leads to the description of normal science as a form of quasi-dogmatic 
practice.'° How this quasi-dogmatic element of normal science ought 
to be assessed remains open here; I will return to this question in § 5.6. 


b. The Emergence of Normal Science out of Prenormal Science 


First, however, we must discuss the notion of prenormal science and 
the transition from prenormal to normal science. 


1. When normal science first comes about in a given field, it 
doesn’t emerge from a state whose candidacy as science may be rejected 
out of hand. But for Kuhn, the form of science which precedes normal 


97. SSR, p. 166, similarly p. 136. 

98. 1963a, p. 351; similarly 1959a, ET pp. 229, 237; SSR, pp. 5, 80; 1963b, pp. 
386-387. 

99. It’s even conceivable that a scientist might deliberately practice a given form of 
normal science solely for the purpose of reaching its limits. Delbrtick’s early work in 
molecular biology might constitute an example of this approach; see Fischer 1985 and 
Kay 1985, p. 245. —Here is yet a third realm of individual differences between members 
of a scientific community which might, under certain conditions, prove epistemically 
relevant; see §§ 3.6.d and 4.3.c. 

100. Compare §§ 5.1 and 5.2.c. 
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science is a practice “something less than science.’’!°' In this phase of 
scientific development, the consensus so characteristic of normal sci- 
ence doesn’t yet exist. Accordingly, in his 1959a, Kuhn calls this phase 
of science the “preconsensus phase,”’ distinct from phases with ‘‘firm 
consensus.” !°? Since paradigms, in the sense of universally accepted 
exemplary problem solutions with all their various moments, are the 
heart of consensus in normal science, Kuhn, in 1962, also calls the 
preconsensus phase the “‘pre-paradigm”’ phase.’ In 1969, however, 
Kuhn weakens the paradigm concept to the point where not only com- 
munities of the consensus phase but also the schools of the preconsensus 
phase are paradigm governed. '* As Kuhn himself notes, the preconsen- 
sus phase may now no longer meaningfully be called the “‘pre- 
paradigm” phase.’ So as to remain neutral with regard to the different 
versions of the paradigm concept, I will call the phase of scientific 
development prior to the first emergence of a universal consensus pre- 
normal science. 

We also find a further characterization of prenormal science in 
Kuhn’s work, one somewhat narrower than the notion ofa preconsen- 
sus phase. Kuhn describes prenormal science as a form of scientific 
practice in which there’s competition between schools,'°° schools ad- 
dressing roughly the same object domain’” from different, mutually 
incompatible standpoints. This description of prenormal science obvi- 
ously goes beyond that given above, which only demanded. the absence 
of consensus. Margaret Masterman has criticized this characterization, 
suggesting that the missing consensus of the prenormal phase required 
further differentiation. Her proposal would involve distinguishing 
“non-paradigm science” (which lacks exemplary problem solutions) 
from ‘“‘multiple-paradigm science.” '°? Though this distinction indeed 
makes sense, it’s without consequence for Kuhn’s theory. For Kuhn is 
primarily concerned with that stage of prenormal science which immedi- 
ately precedes the onset of normal science and with the transition from 


101. SSR, p. 13, similarly pp.101, 163; 1963a, p. 355. 

102. 1959a, ET pp. 231-232. 

103. E.g. SSR, pp. ix, 20, 47, 61, 76, 163; 19063a, pp. 354, 358, 363. 

104. Compare § 4.2.b. 

105. 1974a, ET p. 295 n. 4; 1970b, p. 272 n. 1; 1970c, SSR pp. 178-179. —In his 
1970b, Kuhn calls sciences in the prenormal state “‘proto-sciences” (1970b, pp. 244-246). 

106. SSR, pp. ix, 4, 12-13, 16, 17, 47-48, 61-62, 96, 163; 1963a, pp. 355-356; 
1974a, ET p. 295 n. 4; 1970b, p. 272 n. 1; 1970c, SSR pp. 178-179. 

107. What it means for them to operate in “roughly the same object domain” can 
only be made clear later, since the various schools may, in part, presuppose mutually 
incommensurable points of view (SSR, p. 4), and the clarification of the notion of 
incommensurability is reserved for § 6.3. 
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this stage to that of normal science.’ According to his case studies, 
the clash of the schools, as a rule, immediately precedes a phase of 
normal science.''® Nothing here denies the possibility of more diffuse 
conditions obtaining before the emergence of the schools. 

With the admission that schools of the prenormal phase also enjoy 
(local) consensus and (locally) accepted exemplary problem solutions, 
the question arises whether and, if so, how the scientific work of such 
schools distinguishes itself from the work of normal science, performed 
in competitionless communities.'!’ According to Kuhn, one conse- 
quence of missing consensus in the prenormal phase is that each school 
is constantly obliged to explicate and legitimate the foundations of its 
own approach. In addition, schools are relatively free in their selection 
of relevant observations and experiments, since there’s no universal 
consensus over precisely which phenomena belong to the appropriate 
object domain and which don’t. Schools are thus inclined to take only 
fairly easily accessible facts into account, whether they’re the product 
of easily conducted observations or experiments or facts gleaned with 
greater effort in other areas of scientific practice. Furthermore, it’s not 
clear which aspects of the assembled facts will prove most important 
for the further development of a given scientific field. In this phase 
new, often speculative and more or less precisely articulated theories 
and hypotheses are developed, ones that may lead to the discovery of 
previously unknown phenomena. Relatedly, publications must con- 
tend with a broad range of competing approaches and not just with 
their actual issue, the chosen object domain. The isolation of prenormal 
scientific communities from the rest of society, given the relative weak- 
ness of direction by factors internal to their field, remains substantially 
less severe than that typical of normal science.''? Both the kind of 
problem explored and the conceptual system employed may be 
strongly influenced by factors external to science. Finally, the lack of 
scientific consensus is evidenced by the fact that the typical medium of 
scientific communication is the book, not the relatively short article in 
a technical journal.! 

All in all, the picture of prenormal science which emerges lacks 


109. Kuhn says as much in the title of chap. 2 of SSR, which discusses prenormal 
science: ““The Route to Normal Science.”’ Furthermore, Kuhn only retraces the case 
studies of individual scientific fields adduced in this chapter back to the phase immediately 
preceding the first period of normal science. 

110. With the exception of those cases in which normal science results from the 
splitting or merging of previously existing fields of normal science (SSR, p. 15). 

111. On the following, see SSR, pp. 13-18, 47-48, 61, 76, 163. 

112. 1968a, ET p. 118. 

113. 1961a, ET p. 187 n. 11; SSR, pp. 20, 21. 
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the analogies to puzzle-solving characteristic of normal science.'* At- 
tractive research problems can’t be unequivocally identified, nor are 
previously solved problems any sure guide in the solution of future 
problems, nor do problems selected for sensible reasons offer any justi- 
fied expectation of solution. And so it becomes clear why prenormal 
science, with its clash of the schools, appears “‘something less than 
science”; the scientific progress normal science so obviously pro- 
duces! isn’t attained at all, or is attained only very indirectly and 
covertly, by prenormal science. ''® 


2. How does it happen that the clash of the schools characteristic 
of normal science vanishes in favor of the consensual scientific practice 
of normal science? In general, the. victory of one of the competing 
schools over the others heralds the advent of normal science.!!” This 
school must have produced an achievement so convincing that mem- 
bers of other schools begin to defect; the school must, above all, be in 
a position to attract the next generation of scientists. In this way, the 
earlier competing schools gradually disappear, even though not all of 
their members need choose to join the victor. The new consensus may 
also come about, to a certain degree, by the majority’s inattention to 
those who fail to share it and by the inability of dissidents to recruit 
an adequate succession. Accordingly, the transition to normal science 
isn’t generally a sudden event, and so its historical dating can’t be 
attempted with arbitrary precision.''® But neither is it so gradual as to 
be congruent with the entire development of a field from its very 
first beginnings to the emergence of consensual research practice; the 
transition’s temporal order of magnitude is generally in the decades. 

The above explanation touches only on the social aspects of the 
transition to normal science. We must now inquire into the characteristics 
of the “convincing achievements” that trigger the transition and into 
the standards according to which such achievements become so com- 
pelling. 

The accepted values of a given scientific community function as 
the standards according to which the community evaluates scientific 
achievements. In their abstract-universal characterization, these in- 
clude, above all, accuracy, consistency, scope, simplicity, and fruitful- 
ness./!? Though the value systems of different scientific communities 


114. 1970c, SSR, p. 179. —Compare § 5.2. 

115. Compare § 5.4. 

116. 1959a, ET p. 231, with n. 3; SSR, p. 163; 1970b, pp. 244-245. 
117. SSR, pp. 17-19; 1970c, SSR p. 178. 

118. SSR, pp. 21-22; 1970b, p. 245. 

119. Compare § 4.3.c. 
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need not be completely identical, nothing rules out different communi- 
ties’ coming to the same conclusion in evaluating some novel achieve- 
ment. For one, the various value systems all share a common, atem- 
poral, abstract-universal moment. In addition, different value systems 
may still reach the same conclusion in individual evaluations, just as 
individual members of a community may make the same value judge- 
ments despite their different slants on communal values. 

One of the competing schools must have thus attained an achieve- 
ment so convincing by these standards that members of other schools 
begin to defect, and the school is in a position to attract the next 
generation of scientists. The peculiarly compelling quality of this novel 
achievement presents itself for three points of characterization. 

First, the compelling nature of a novel achievement is always rela- 
tive to the achievements of the competition. !”° It is thus claimed neither 
that the novel achievement explains all facts and solves all problems in 
the relevant field nor that the problems it does solve are solved in 
every detail. The achievement rather consists in a relatively convincing 
solution of a few problems whose central position in the relevant field 
is beyond doubt. 

Second, the solution of these problems occurs in such a way as to 
leave specialists with the impression that certain fundamental issues of 
the field have thereby been resolved more or less conclusively.'”! 
Among these fundamental issues are the search for the conceptual sys- 
tem to be used in articulating research problems and their solutions, 
questions regarding the existence and essential attributes of the basic 
entities of the field at hand, and questions regarding the domain-specific 
methods of observation, experiment, and theory needed in the study 
of these entities. How might the impression arise that such fundamental 
issues have been resolved more or less conclusively? Three answers 
present themselves. '** First, the new problem solutions must allow the 
successful, concrete prediction of phenomena in the appropriate field.'”* 
Next, such predictive success must be regular and reliable within a set 


120. SSR, pp. 10, 17-18, 23-24. 

121. SSR, pp. 19-20, 21; 1963a, p. 353; 1963b, p. 388; 1970b, p. 247; 1970c, SSR 
p. 178. —Ive chosen to use a formulation somewhat more modest than Kuhn’s in 
allowing the fundamental questions to have been more or less conclusively resolved. My 
reason involves the possible individual difference of members of the community with 
regard to the internal distance each maintains vis-a-vis the relevant tradition of normal 
science, discussed in § 5.5.a. 

122. 1970b, pp. 245. 

123. “Prediction” is once again used in the sense common among scientists, referring 
to a proposition derived from theory. The actual temporal relationship between deriva- 
tion and derived event is irrelevant. 
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margin of error, at least for a given subdomain of phenomena. Finally, 
these predictions must be based on a theory which at the same time 
justifies the predictions, explains their uncertainty, and points toward 
ways of improving their accuracy. The theory must also allow some 
prospects for the expansion of its domain of application. '“ 

Third, the novel achievement must sanction that form of scientific 
activity described by those analogies to puzzle-solving we considered 
earlier, in short, normal science.'* To the extent they fulfill this de- 
mand, exemplarily solved concrete problem solutions are of a different 
kind than the paradigmatic solutions otherwise employed by scientific 
schools. !76 

From these features of the novel achievements which usher in nor- 
mal science, it follows that the transition to normal science can by no 
means be forced by social measures alone. Either a field exhibits some 
paradigmatic achievement in emulation of which research may be con- 
ducted in a manner analogous to puzzle-solving, or it doesn’t. If the 
paradigmatic achievements are lacking, they can’t be created by decree, 
nor can the real attraction of alternatives be stifled by social pressure. !2” 
According to Feyerabend, Kuhn was understood by some social sci- 
entists as claiming just the opposite.'** Kuhn’s philosophy of science 
offers no recipes for determining how a given branch of prenormal 
science can attain or accelerate the transition to normal science; 


As in individual development, so in the scientific group, ‘maturity 
comes most surely to those who know how to wait.!” 


The transition to normal science thus can’t be arbitrarily decreed 
but must rather be legitimated in fact. Members of the competing 
schools join the school whose achievements are better than those of the 


124. Convictions regarding the conclusiveness of solutions to fundamental problems 
can, of course, only be grounded in the available empirical material. In the transition 
from prenormal to normal science, such material includes relatively easily performed 
observations and experiments, supplemented over the course of the esoteric practice of 
normal science by more demanding experimental and theoretical problem solutions 
(SSR, pp. 64-65). Thus unexpected novel phenomena, for example, might shake convic- 
tions concerning the conclusiveness of solutions to the fundamental problems. 

125. 1970c, SSR p. 179; compare § 5.2. 
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competition, as measured by scientific values. One qualification should 
still be made: the transition to normal science is never absolutely com- 
pelling, and it is thus not consummated by all members of the various 
schools, without remainder.’ This feature of (new) normal science is 
one reason it is qualified, as hinted at earlier, as “‘quasi-dogmatic,”’ a 
qualification we must now discuss. 


5.6 The Functional Role of the Quasi-dogmatic Element of Normal Science 


There are two reasons why the transition to (new) normal science can’t 
be absolutely compelling. 

The feature of scientific value systems that, in § 4.3.c, I called the 
“‘underdetermination of scientific value systems” is partially responsi- 
ble. This underdetermination, we recall, meant that the application of 
scientific value systems in the comparative evaluation of different theo- 
ries needn’t necessarily produce an unequivocal result. Measured next 
to the (unreasonable) ideal of a completely determinate comparative 
evaluation, these value systems are underdetermined. Thus no school’s 
victory Over its competitors can be absolutely compelling. 

In addition, the phase of normal science always contains certain 
problems that resist satisfactory solution.'! In principle, such problems 
can also be seen as evidence against a current (or future) practice of 
normal science. Only from a certain perspective can they be seen as 
merely temporally unsolved, to be set aside for the benefit of problems 
deemed currently soluble. 

Still, normal science is typically characterized by the “‘assurance 
that [the present theory] will solve all of its problems,” and ‘“‘that same 
assurance is what makes normal or puzzle-solving science possible;” !” 
the validity of the present theory isn’t doubted.'*? Similarly, Kuhn 
speaks of ‘‘faith” in the present theory,’ of “trust” placed in it,'° of 
a theory “taken for granted,’’!*° of a feeling of total security toward 
it; 7 of 
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firm convictions about the phenomena which nature can yield 
and about the ways in which these may be fitted to theory.'* 


Kuhn characterizes the relationship between scientists and their normal 
science most often as one of “commitment” (sometimes intensified by 
such qualifiers as “thorough,” “‘firm,”’ or “deep’’) where the term is 
frequently used as a synonym for one of the above expressions. *? 
What emerges from these and similar formulations is the fact that 
the regulations contained in the paradigmatic achievements that govern 


normal science aren’t open to dispute:!*° 


Normal science . . . is predicated on the assumption that the 
scientific community knows what the world is like. Much of the 
success of the enterprise derives from the community’s willing- 
ness to defend that assumption, if necessary at considerable 
cost. '4! 


But the regulations of normal science can be compellingly justified 
neither in the transition from prenormal to normal science nor, as we 
shall see later,‘ in their reestablishment following a scientific revolu- 
tion. The immunity of the regulations of normal science thus contains 
a moment of dogmatism. What functional role can the dogmatization 
of these regulations play? Three to some extent mutually sustaining 
points might be adduced. 

First, the firm commitment to the regulations of normal science 
makes possible that thoroughness, depth, and accuracy that is lacking 
in prenormal science and that appears attainable in no other way; 


So long as the tools a paradigm supplies continue to prove capable 
of solving the problems it defines, science moves fastest and pene- 
trates most deeply through confident employment of those 
tools.'*° 


138. 1963a, p. 348; similarly p. 349. 

139. E.g. 1959a, ET pp. 235, 236; SSR, pp. 40, 41, 42, 43, 60, 100, 101, 144, 151; 
1963a, pp. 349, 353, 359, 363, 368, 369; 1963b, pp. 392, 393; 1970a, ET p. 268. 

140. Compare §§ 5.2.c and 5.2.4. —Compare this with the “ ‘hard core’ of a scien- 
tific research programme” discussed by Lakatos in his 1970, section 3a, pp. 133ff (Kuhn 
notes the congruence of this aspect of his position with that of Lakatos in his 1971a, p. 
138). According to Lakatos, this hard core is “‘conventionally accepted (and thus by 
provisional decision ‘irrefutable’)” (Lakatos 1971, § 1d, p. 110). For Lakatos (as for 
Kuhn), this doesn’t exclude the possibility of this core’s ‘‘crumbling” under pressure 
from “logical and empirical” sources (Lakatos 1970, § 3a, p. 133ff). 

141. SSR, p. 5; similarly 1963a, p. 349. 

142. See § 7.4.b. 

143. SSR, p. 76; similarly 1980a, p. 183. —Compare §§ 5.2.d, point 2, and 5.5.b. 
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The immunity of regulations prevents such difficulties as appear in the 
course of problem-solving from being laid at the feet of the regulations 
themselves. And this is a great advantage, for 


Experience shows that, in almost all cases, the reiterated efforts, 
either of the individual or of the professional group, do at last 
succeed in producing within the paradigm a solution to even the 
most stubborn problems.'* 


If the community allowed the abovementioned range of unsolved or 
unsatisfactorily solved problems to be turned against the regulations of 
normal science, the potential of this tradition to solve the most difficult 
problems couldn’t be exhausted. 

Second, research which holds strictly to the regulations of normal 
science shows definite progress, so long as these regulations really con- 
tinue to sanction a scientific practice analogous to puzzle-solving.!* 
Such progress is meaningful not only on account of the manifold pros- 
pects knowledge of the natural sciences offers for technical exploitation. 
It is doubtless also an important factor in the social prestige enjoyed 
by modern science, which in turn proves weighty in recruiting a com~ 
petent successor generation. '*° 

Third, and of overriding importance, is the fact that research mov~ 
ing under the guidance of the regulations of normal science contains a 
unique dialectic. This dialectic ensures that the binding quality of the 
regulations of normal science relents, and eventually vanishes entirely, 
just when it begins to fetter further scientific development. But the 
fact that, on account of its quasi-dogmatic character, normal science is 
conducted within the bounds of its regulations for as long as possible 
explains why scientific revolutions are capable of restructuring existing 
knowledge as thoroughly as they do. 

The dynamic of scientific revolutions alluded to here will be dis~ 
cussed in chapter 7. First, however, Kuhn’s concept of a scientific revo- 
lution requires thorough exposition. 


144. 1963a, p. 363; similarly p. 367; 1961a, ET pp. 202-203; SSR, pp. 81, 82, 84; 
1964, ET p. 262; 1970b, p. 248; 1970c, SSR p. 186; 1977c, ET p. 332. 

145. Compare § 5.5; also SSR, p. 101. 

146. The importance of recruiting the successor generation is especially evident when 
we consider that the number of scientists has, over the past three centuries, exhibited 
exponential growth, with a doubling time of roughly fifteen years, and has thus expanded 
at the expense of other societal domains; on this issue, see Solla-Price 1963. 
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The Concept of a Scientific 
Revolution 


THE CONCEPT OF A SCIENTIFIC REVOLUTION as molded by Kuhn 
has a much broader scope than in usual parlance. In § 6.1 we will 
discuss in what sense this is so, and why. We will then be ready to 
disclose the central characteristics of (Kuhnian) scientific revolutions: 
change of world (§ 6.2), and incommensurability (§ 6.3). 


6.1 Kuhn's Extension of the Concept of a Scientific Revolution 


It is common practice to call those great events associated with such 
names as Copernicus, Newton, Lavoisier, Darwin, Bohr, and Einstein 
scientific revolutions.' The episodes of scientific development thus 
addressed display two features. First, they witnessed the replacement 
of one fundamental scientific theory by another, resulting in a massive 
change in both scientific practice and in the attending scientific world 
view. In addition, these episodes had a transforming effect outside 
science as well, reaching popular consciousness. 

Kuhn sets out to extend the popular notion of a scientific revolu- 
tion.* This extension occurs in two steps. In the first step, the notion 
of a revolution is extended to include those changes of theory that, 
though their effects are minimal outside science, or outside the relevant 
discipline, still have the same sorts of consequences within the disci- 


1. 1959a, ET p. 226; SSR, pp. 6, 66, 92; 1963a, p. 364; 1970b, p. 251; ET, p. xvii. 
—See Cohen 1985 on the history of the concept of a scientific revolution over the past 
four centuries. 

2. On the following, see 1959a, ET pp. 226-227; SSR, pp. 6-8, 49, 64, 66, 85, 92, 
139-140; 1962d, ET pp. 176-177; 1963a, p. 364; 1963b, p. 388; 1969c, ET p. 350; 1970b, 
pp. 249-250; 1970c, SSR pp. 180-181; ET, p. xvii. —Astonishingly, despite Kuhn’s 
explicit pointers to this expansion of the concept of a revolution, there have been some 
misunderstandings here; see e.g. Grandy 1983, p. 13; Laudan et al. 1986, p. 190; Rodnyi 
1973, p. 189; Toulmin 1970, p. 44, and Kuhn’s reply in his 1970b, pp. 249-250. 
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pline as episodes otherwise classed as revolutions. Here Kuhn has in 
mind the wave-propagation theory of light, the dynamic theory of 
heat, or Maxwell’s theory of electromagnetism. The justification for 
the first extension of the concept of a revolution lies in the fact that 
Kuhn’s theory is directed at scientific development in the epistemic 
sense? and not (or only subordinately) at an analysis of the mechanisms 
by which science affects domains external to it. It follows that, for 
purposes of Kuhn’s theory, epistemically similar episodes of scientific 
development differing in their external effects aren’t taken into account. 

In the second step of the extension, a certain class of discoveries 
is termed revolutionary, the class of unexpected discoveries of new 
phenomena or entities. This extension is justified by the fact that such 
discoveries, like the great revolutions though less conspicuously, bring 
about corrections of previous scientific practice and the previous world 
view. Strictly speaking, this step doesn’t extend the meaning of the 
noun “‘(scientific) revolution” but only of the adjective “revolution- 
ary.” For while, in his writings, Kuhn qualifies discoveries in the ap- 
propriate class as “revolutionary,” he usually doesn’t call them revolu- 
tions. 

Kuhn is fully aware that “‘this extension strains customary usage.” 
For it is 


a fundamental thesis of this essay [SSR] that they [the defining 
characteristics exhibited by obvious examples of scientific revolu- 
tions] can also be retrieved from the study of many other episodes 
that were not so obviously revolutionary.* 


Before we consider these defining characteristics of revolutions in de- 
tail, we ought to ask in what respect the three fairly heterogeneous 
types of episodes in the histories of scientific disciplines may be con- 
ceived as belonging to the same class. Their similarity consists in the 
fact that none of them can be ascribed to normal science. Scientific 
revolutions, in Kuhn’s sense, are all among 


the tradition-shattering complements to the tradition-bound ac- 
tivity of normal science.° 


The claim that revolutionary scientific development is the “tradition- 


3. Compare § 1.1.a. 

4. SSR, pp. 6-8; similarly 1959a, ET pp. 226-227, 234; 1963a, p. 364; 1963b, p. 
388. —The claim that scientific revolutions may vary widely in their scope can be found 
as early as Conant 1947, p. 66. 

5. SSR, p. 6; similarly 1959a, ET pp. 227, 234; SSR, pp. 8, 90, 136; 1963a, p. 369; 
1970a, ET p. 274; 1970b, p. 242; 1970c, SSR p. 181; ET, p. xvii; 1981, p. 8. —The 
juxtaposition of normal and revolutionary science may be found in Conant’s work; see 


§ 5.1. 
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shattering complement” of research in normal science has three impli- 
cations. 

First of all, revolutionary scientific development is different from 
development in normal science. And yet it is not the prenormal stage 
of science® but rather a mode of development confined to the mature 
sciences. Thus revolutionary scientific development must be distin- 
guished above all from normal science. The garnering of knowledge 
in normal science is cumulative; new knowledge, compatible with pre- 
viously available knowledge, replaces ignorance.’ By contrast, in order 
for a given episode in scientific development to have revolutionary 
character, it is necessary (though not sufficient) that it not be epistemi- 
cally cumulative.® 

Three forms of noncumulative scientific development are conceiv- 
able. One consists in the correction of apparent knowledge about a 
given phenomenal world, where the lexical structure of knowledge 
remains unchanged over the course of correction.’ Such correction be- 
longs to the daily life of normal science, for it involves the identifica- 
tion and elimination of error by means of the regulations of normal 
science. © 

In a further conceivable form of noncumulative scientific develop- 
ment, knowledge that not only concerns a given phenomenal world but 
also helps constitute it is destroyed without replacement. According 
to Kuhn, this variety, the Popperian falsification of basic conjectural 
knowledge, doesn’t actually occur in the history of science."! 

Finally, it’s conceivable that new knowledge, incompatible with 
previous knowledge in the sense that its acceptance presupposes a 
modification of the lexical structure of the old, might appear.'? This 
form of development is revolutionary in Kuhn’s sense. Because they in- 
volve conceptual changes alien to normal science, Kuhn often describes 
scientific revolutions as “‘conceptual transformations,”’ “‘fundamental 
reconceptualizations,’’'? or the like. Because they involve the emer- 


6. Compare § 5.5.b. 

7. Compare § 5.4. 

8. SSR, pp. 84-85, 92, 108-109; ET p. xvii; 1979c, pp. vii—viii; 1981, pp. 8, 9, 15; 
similarly 1959a, ET p. 226; 1961a, ET p. 208; SSR, pp. 7, 136; 1962d, ET p. 175; 1969c, 
ET p. 350; 1970a, ET p. 267; 1970b, p. 252; 1970c, SSR p. 181; 1983b, p. 713. 

9. Compare §§ 3.6.f and 4.4.a. 

10. 1970a, ET pp. 278, 280. 

11. SSR, p. 77; similarly p. 145; 1961a, ET p. 211; 1980a, p. 189; 1983a, p. 684 n. 
5. —For a more detailed discussion, see § 7.4.a. 

12. 1959a, ET p. 226; 1961a, ET p. 200; SSR, pp. 6, 92, 94, 95, 97, 98, 103; 1970a, 
ET p. 267; 1970c, SSR pp. 175, 185, 201; 1974a, ET p. 304 n. 14; 1980a, p. 189. 

13. SSR, pp. 90 n. 15, 102, 132; 1964, ET pp. 246, 251, 256, 260, 263, 264; 1970b, pp. 
249-250; ET, p. xiv; 1983b, pp. 715-716; 1989b, p. 49. —Conant already characterizes 
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gence of novel knowledge together with the modification or abandon- 
ment of old knowledge, Kuhn also calls revolutions ‘‘destructive- 
constructive.’’!* 

Second, the claim that normal and revolutionary science are com- 
plementary also implies that, besides these two, there are no other modes 
of development for the mature sciences. 

Third, the complementarity of normal science and scientific revo- 
lutions suggests that the two processes stand in an (asymmetrical) rela- 
tion of dependence on one another. For conceptual reasons, there can 
only be scientific revolutions if there is also normal science, for only 
an existing scientific tradition can be destroyed.'> Tradition-bound sci- 
ence, however, theoretically might exist even if there were no scientific 
revolutions. 

The agent of a scientific revolution is, like that of a tradition of 
normal science, a scientific community.!° This central thesis of Kuhn’s 
theory is important above all for two reasons. First, an inquiry into 
the factors swaying theory choice in scientific revolutions amounts 
to an inquiry into the reasons behind the community’s decision.'” In 
addition, the question of whether a given episode in scientific develop- 
ment should properly be ascribed to revolution or to normal science 
can only be answered relative to particular communities. '® Since some 
developments have revolutionary character only for the group immedi- 


revolutions as conceptual changes; his 1947 involves, among other issues, “the evolution 
of new conceptual schemes as a result of experimentation”’ (Conant 1947, p. 18). Also 
compare Reisch 1991 on the substantive parallels between Kuhn and Carnap. 

14. SSR, p. 66; similarly pp. 77, 97-98, 147; 1961a, ET’ p. 208; 1963b, p. 394. 

15. 1959a, ET p. 227; 1970b, pp. 233, 242, 249; ET, p. xvii. —SSR contains another 
juxtaposition besides that of normal science and scientific revolutions, one which might 
cause confusion. On p. 91, Kuhn asserts “The proliferation of competing articulations, 
the willingness to try anything, the expression of explicit discontent, the recourse to 
philosophy and the debate over fundamentals, all these are symptoms of a transition 
from normal to extraordinary research. It is upon their existence more than upon that 
of revolutions that the notion of normal science depends.”” What Kuhn has in view here 
is the distinction of the research activity of normal science from another research activity, 
“extraordinary science” (see § 7.3.b below). But the possibility of distinguishing these 
two forms of research activity does not depend on whether or not extraordinary science 
results in revolution (SSR, p. 90). The juxtaposition of normal science and scientific 
revolutions, however, concerns the relationship between different results of research activ- 
ity. The results of normal science, but not revolutionary results, are compatible with 
those of their predecessors. 

16. 1959a, ET p. 226; SSR, pp. 49-50, 52, 61, 92-93; 1962d, ET p. 175; 1963a, p. 
364; 1970b, pp. 251-253; 1970c, SSR pp. 179, 180-181; 1971a, pp. 145-146. —Compare 
§ 1.1.b, the beginning of chap. 3, and §§ 3.4, 4.3.c, and 5.1. 

17. See § 7.4.b below. 

18. Of the passages cited in n. 16, above, see especially 1970b, pp. 251-253. 
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ately involved but are cumulative for some more distant groups, this 
point isn’t trivial.’ 

It would be a misunderstanding, and not just on account of this 
last point, to take the juxtaposition of normal science and scientific 
revolution as a strict dichotomy. There is rather a fluid transition be- 
tween these two forms of scientific development, a transition which 
does not, however, rule out the existence of paradigmatic cases of both 
forms capable of sustaining the distinction.” 

Just what Kuhn understands by a scientific revolution or a revolu- 
tionary scientific development can, given their complementarity to 
normal science, be determined by contrast with the central features of 
that form of scientific practice. 


6.2 Change of World 


Normal science, as we have seen, works under the guidance of regula- 
tions derived from exemplary problem solutions.*! These exemplary 
problem solutions have a world-constituting function, in virtue of the 
similarity relations they contain.” Since over the course of normal 
science the exemplary problem solutions aren’t open to dispute, their 
contribution to the world’s constitution remains constant. Conse- 
quently, the region of the phenomenal world relevant to the appro- 
priate scientific community’s efforts remains stable throughout normal 
science, and knowledge about this region increases cumulatively.” By 
contrast, as Kuhn often emphasizes, it is a central characteristic of revo- 
lutionary scientific development that the world changes over the course 
of it.** Put more precisely, the region of the phenomenal world in 
which the given community conducts its work changes. Kuhn has 
primarily three modes of change of world in view. 

First, the postrevolutionary (phenomenal) world may contain phe- 
nomena and entities which the earlier phenomenal world lacked.* But 
these discoveries must exhibit one further trait in order to count as 


19. See § 7.2 below. 

20. 1970b, pp. 251-252; see § 7.2 below. 

21. Compare § 5.2.a. 

22. Compare § 4.4.a. 

23. Compare § 5.4. 

24. SSR, pp. 6, 61, 85-86, 102, 103, 106, 111, 117, 118, 120, 121, 122, 134, 135, 
141, 143, 147-148, 150; 1970c, SSR pp. 193, 201; 1974a, ET p. 309 n. 18; ET, p. xxiii; 
1979b, pp. 418-419; 1983a, pp. 682-683; 1986, p. 33. 

25. 1961a, ET pp. 204-206; SSR, pp. 7, 52-61, 66, 88-89, 96-97, 103, 111, 116-117; 
1962d, ET pp. 166, 175-176. 
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revolutionary, for new phenomena and entities are discovered in nor- 
mal science, too.” The difference between the revolutionary discovery 
of new phenomena or entities and discovery that occurs in normal 
science is that the latter case in general leads neither to a revision of 
prior explicit or implicit knowledge, nor to an alteration of conven- 
tional experimental techniques, nor to any correction in ways of inter- 
preting data. Such discovery isn’t surprising, and the addition of 
knowledge about new phenomena and entities to the communal stores 
is cumulative. By contrast, a revolutionary discovery (by definition) 
demands certain revisions. An unexpected discovery can force larger 
changes in explicitly formulated theories if the discovered phenomena 
or entities can’t be brought into harmony with them. Even when an 
unexpected discovery doesn’t call the explicitly formulated portions of 
a theory into question, it may lead to the revision of the implicit theo- 
retical assumptions at work in the use of instruments or interpretation 
of data. For conceptions of what’s in the world and how it behaves, or 
more implicit conceptions of what isn’t in the world, must necessarily 
contribute to the employment of instrumentation and the interpretation 
of data.”” 

Second, there are changes of world in which, though no new phe- 
nomena or entities are discovered, ‘familiar objects are seen in a differ- 


ent light”;* 


Confronting the same objects as before [the revolution] and 
knowing that he does so, [the scientist] nevertheless finds them 
transformed through and through in many of their details.”” 


This transformation of familiar phenomena or objects can come about 
as a result of their being conceived as instances of different laws after 
the revolution than they were before.*’ Once again, the acceptance of 
the objects’ new attributes requires the abandonment of some of the 
old. 

Third, certain numerical data may change over the course of a 
revolution,”! since new quantitative expectations regarding certain phe- 
nomena may replace old expectations or appear where no expectations 
were before.*2 If these expectations are disappointed, the new normal 


26. SSR, p. 58; 1962d, ET pp. 166-167, 175. Also see § 7.2 below. 
27. Compare § 5.2.a. 

28. SSR, p. 111. 

29. SSR, p. 122; similarly pp. 7, 102, 103, 134, 150, 1962d, ET p. 175. 
30. SSR, pp. 102, 130-134. 

31. SSR, pp. 130, 134-135; 1961a, ET pp. 194-197. 

32. Compare § 5.3.c. 
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science doesn’t give up its guiding regulations but rather attempts to 
achieve or improve the accordance of theory and observation by theo- 
retical and experimental efforts within its own bounds. In the process, 
previously hidden influences on measurement may be assessed in light 
of new theory as sources of error, the correction of which actually 
changes numerical data. 

These three sorts of change may, indeed, not belong in normal 
science. But does their occurrence really entitle us to talk of “the world 
changing’? In the case of the second form of change, it’s especially 
obvious that we’re dealing with something which happens exclusively 
in the heads of participating scientists. Wouldn’t it thus be more appro- 
priate, instead of talking of a change in the world, to talk only of a 
noncumulative change in knowledge about the world? At the end of 
the 1950s and the beginning of the 1960s, Kuhn seems somewhat uncer- 
tain on this issue. And so we find him speaking, in his 1959a, not of 
changes in the world but rather only of the fact that, in revolutions, 
“ta scientific community abandons one time-honored way of regarding 
the world.” Similar formulations may also be found in various pas- 
sages of SSR and 1962d.** In these passages, Kuhn understands “‘to see 
the world differently” in both literal and metaphorical senses.*° We 
even find Kuhn giving the tenth chapter of SSR, which discusses 
whether and how revolutions change the world,** the rather confusing 
title “Revolutions as Changes of World View.”’ But the description of 
revolutions as changes of world view seems incompatible with their 
description as changes in the world; either a revolution changes the 
world itself, or the world remains constant while our view of it 
changes. 

In SSR, Kuhn gives a brief justification for his rather startling talk 
of change in the world. Of course, so the justification begins, events 
outside the laboratory continue their usual course even after a scientific 
revolution. 


Nevertheless, paradigm changes do cause scientists to see the 
world of their research-engagement differently. In so far as their 


33. 1959a, ET p. 226. 

34. SSR, pp. 53, 102, 111, 116-120, 124, 144; 1962d, ET p. 175. 

35. Compare §§ 3.5, 3.6.a, and 3.6.¢. 

36. Consider this passage from the first sentence of chap. 10: ‘“‘the historian of science 
may be tempted to exclaim that when paradigms change, the world itself changes with 
them” (SSR, p. 111). And in the final sentence of this chapter, Kuhn claims, with 
reference to the third form of change in the world, the change of the data themselves, 
“That is the last of the senses in which we may want to say that after a revolution 
scientists work in a different world” (SSR, p. 135). 
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only recourse to that world is through what they see and do, we 
may want to say that after a revolution scientists are responding 
to a different world.*” 


In the second sentence of this citation, Kuhn hints at the differentiation 
of two features united in the commonsense world concept (or at least 
in that of the twentieth century West), whose conflation is what makes 
talk of the world’s changing in a revolution so startling. The first of 
these features qualifies the world as our real counterpart, as something 
with purely object-sided being. According to the second, the world is 
accessible to experience. Taken together, the two features are incompati- 
ble with the lessons Kuhn draws from the new internal historiography 
of science.” The incompatibility can only be resolved by dropping (at 
least) one of the two features. If we retain the first, we will talk of 
scientific revolutions as changes in world view. If we retain the second, 
we will call revolutions changes in the world. In the second sentence of 
the above citation, Kuhn underscores the second feature of the popular 
world concept; by suppressing the first feature, he makes plausible his 
talk of change in the world during a revolution.” Greater clarity can, 
of course, be obtained only by distinguishing two separate world con- 
cepts.‘! A further reflective step may then reveal the difficulties implicit 
in the concept of a purely object-sided world, thought to fulfill certain 
theoretical functions.” 

Still, Kuhn’s vacillation between the two characterizations of revo- 
lutions, as changes in the world or changes in world view, shouldn’t 
be entirely attributed to any vagueness in the world concept. For in 
SSR, Kuhn has an additional theoretical interest in characterizing revo- 
lutions as changes in world view. This characterization makes it possible 
to describe revolutions as changes in ways of seeing, changes along the 
lines of visual gestalt shifts. Hanson pointed to similarities between 
seeing objects in the world and seeing in his Patterns of Discovery, a 


37. SSR, p. 111; also see p. 118. 

38. The startling quality of such claims is also found in the title of Fleck’s Genesis 
and Development of a Scientific Fact (1935). Precisely this startling quality is what aroused 
Kuhn’s interest in Fleck’s book, as Kuhn recalls in his 1979c, p. viii. Here Kuhn also 
reports Conant’s open-mindedness with regard to the “paradox” of Fleck’s title. 

39. Compare § 1.2.c. 

40. This procedure repeats, on the meta-level, what Kuhn’s theory described as typi- 
cal of scientific revolutions on the object-level; the legislative content of a concept, here 
the popular world concept, is suspended (see § 3.7.a). It also produces what Kuhn calls, 
in his 1981, p. 21, “the touchstone of revolutionary change,” “violation or distortion of 
a previously unproblematic scientific language.” 

41. Compare § 2.1.a. 

42. Compare §§ 2.2.d, 2.2.e, and 2.3. 
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suggestion Kuhn pursues, albeit with the qualification that, in some 
respects, these similarities are misleading.** Kuhn achieves two aims 
by describing revolutions as gestalt switches. First, the indubitable exis- 
tence of visual gestalt switches in psychological experiments lends cre- 
dence to the notion that such gestalt switches might also take place in 
scientific development.** At the same time, the view Kuhn attacks, on 
which scientific development is an entirely cumulative process, be- 
comes less convincing.* It further becomes clear how a revolution, for 
an individual scientist, might be a “‘relatively sudden and unstructured 
event” of the sort attested to by scientists’ reports.” 

In his most recent work, however, Kuhn has criticized his earlier 
talk of gestalt switches in scientific development.*’ To be sure, individ- 
uals may experience gestalt switches, as indeed happens during the 
course of revolutions. But, with regard to the actual agent of a scientific 
revolution, the scientific community, talk of gestalt switches is inap- 
propriate, for a scientific revolution is a temporally extended process. 
Though some of the participating individuals may experience gestalt 
switches, these shifts don’t occur simultaneously. Others may experi- 
ence the requisite change as a series of less discontinuous steps. 


To speak, as I repeatedly have, of a community’s undergoing a 
gestalt switch is to compress an extended process of change into 
an instant, leaving no room for the microprocesses by , whice the 
change is achieved. 


A scientific revolution is gradual to a much greater degree than the 
gestalt switch metaphor suggests, and so, in the 1980s, Kuhn tempers 
his view of revolutions accordingly.*”® 

But even in SSR Kuhn is aware that his talk of scientific revolu- 
tions as changes in world view or transformations of the world requires 
further analysis. We thus find him asserting of his claim that the repre- 
sentatives of competing paradigms ply their trades in different worlds 
that ‘In a sense”’ he is “unable to explicate [it] further.”°’ Only in the 
late 1960s does Kuhn become clearer here: what changes above all in 


43. Hanson 1958, chap. 1; Kuhn SSR, pp. 85, 113; similarly pp. 111, 115-117, 122, 
150; and, later, 1976b, p. 196; ET, p. xiii; 1983a, p. 669. 

44. Compare § 2.1.b. 

45. Compare § 1.2.a. 

46. SSR, p. 122, similarly p. 150; g.v. 1989b, pp. 49-51. 

47. Kuhn 1989b, pp. 50-51. 

48. Kuhn 1989b, p. 50. 

49. 1983b, pp. 714-716; 1989b, p. 49. 

50. SSR, p. 150; also see p. 121. 
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scientific revolutions are certain similarity relations.°! Certain of the 
features of revolutions attested to in SSR thus become intelligible. 

First, since similarity relations are coconstitutive of phenomenal 
worlds, changes in similarity relations may result in changes in the 
phenomenal worlds they help constitute. Such change is of course 
compatible with the existence of a world of stimuli, conceived as purely 
object-sided, which remains untouched by it. 

Second, since similarity relations are coconstitutive of perception 
and of the empirical concepts used in describing the world, the post- 
revolutionary world is ‘‘seen”’ differently, both in literal and extended 
senses. Insofar as a phenomenal world is a ‘“‘view”’ of a purely object- 
sidedly conceived world of stimuli, a revolution is a change in world 
view. 

Third, since similarity relations aren’t isolated from one another 
but rather are interwoven,” it becomes clear how, for the individual 
scientist, revolutions can be relatively sudden and unstructured “holis- 
tic’? experiences.*° For the network of similarity and dissimilarity rela- 
tions to be acquired can’t be introduced piecemeal into the existing 
network of similarity relations. The new similarity relations are rather 
to some extent incompatible with the old, and so if the total network 
is to remain consistent, either all or none of the new similarity relations 
must be adopted. 

A fourth point, closely related to the last, is that characterizing 
revolutions as an alteration in the network of similarity relations sanc- 
tions the more precise determination of a further central feature of 
revolutions, incommensurability. But this notion requires discussion 
in its own right. 


6.3. Incommensurability 


Incommensurability is a notion by means of which certain central fea- 
tures of scientific revolutions are to be described. This concept was 


51. 1970b, pp. 275-276; 1970c, SSR pp. 200-201; 1976b, pp. 195-196; 1979b, pp. 
416, 417; 1981, pp. 20-21; 1983a, pp. 680, 682-683. —The notion of a similarity relation 
is already implicitly contained in SSR, as noted in § 3.2. Thus, in the cited works, we 
find Kuhn discussing changes in similarity relations by reference to examples already 
discussed in SSR. These involve the planets before and after Copernicus (SSR, pp. 
128-129), free fall, pendular and planetary motion before and after Galileo (SSR, pp. 
118-120, 123-125), and (physical) mixtures, solutions, and chemical compounds before 
and after Dalton (SSR, pp. 130~134). 

52. Compare chap. 3, especially § 3.2. 

53. Compare 1974a, ET p. 309 n. 18. 

54. Compare §§ 3.5 and 3.6. 

55. Compare §§ 3.2, 3.6.c, and 3.6.e. 

56. 1981, pp. 9-10, 11-12, 19; 1983a, pp. 676-677, 682; 1983b, pp. 715-716. 
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introduced into the philosophy of science by Kuhn in 1962, and also, 
in the same year, by Feyerabend, with somewhat different emphasis.°” 
The incommensurability thesis is one of the most discussed, most con- 
troversial parts of Kuhn’s theory.** Despite the extent of this discus- 
sion, a somewhat resigned Kuhn notes in 1982 that “virtually no-one 
has fully faced the difficulties that led Feyerabend and me to speak 
of incommensurability.”*’ Indeed, the incommensurability discussion 
exhibits a great diversity of misunderstandings. In Kuhn’s own judge- 
ment, the source of these misunderstandings lies in part in “the role 


57. Feyerabend 1962. —According to Kuhn’s admittedly uncertain recollections in 
1982, he and Feyerabend introduced the term “incommensurability” independently 
(1983a, p. 669 and 684 n. 2). See Feyerabend 1978a, p. 30, and 1978b, section 10, for 
Feyerabend’s view of the introduction of the notion of incommensurability. Here he traces 
the beginning of the substantive incommensurability debate to Feyerabend 1958, section 
6. Interestingly enough, Wieland independently uses “incommensurability” in roughly 
the same way, at the same time as Kuhn and Feyerabend: “For it can happen that 
sentences which contradict each other are really completely incommensurable, namely 
when they seek to answer incommensurable questions” (Wieland 1962, p. 30 [translation 
mine. —A.T.L.]; similarly, pp. 37, 45). 

58. See e.g, Achinstein 1964; Agazzi 1985 and 1990; Andersson 1988a, pp. 110-124, 
and 1988b, pp. 28-39; Balsiger and Burri 1990; Balzer 1978, 1985a, 1985b, and 1989; 
Balzer, Moulines, and Sneed 1987, pp. 306-320; Bartels 1990a, 1990b, pp. 108-109; 
Batens 1983a and 1983b; Bernstein 1983, pp. 79-93 and elsewhere; Biagoli 1990; Bohm 
1974; Boros 1990; Boyd 1984, pp. 52-56; Brown 1977, pp. 115-120, 1983, 1983a, pp. 
98-99; Burian 1984; Causey 1974; Chen 1990; Churchill 1990, pp. 470-477; Collier 1984, 
Danneberg 1989, pp. 290-329; Davidson 1974; Devitt 1979, 1984, pp. 151-155; Doppelt 
1978; English 1978; Feyerabend 1978b, pp. 178~202, 1987; Field 1973; Fine 1967 and 
1975; Flonta 1978; Franklin 1984; Giedymin 1970 and 1971, pp. 45-47; Grandy 1983; 
Greenwood 1990; Hacking 1982, pp. 58-62, 1983, especially chap. 5; Harper 1978; Hatti- 
angadi 1971; Hautamaki 1983; Hempel 1977, p. 27ff., 1979, pp. 54-55; Hesse 1983; 
Hintikka 1988; Hung 1987; Jones 1981; Jones 1986, p. 446; Katz 1979; Keita 1988; Kitcher 
1978 and 1983; Koertge 1983; Kordig 1971a, 1971b, 1971c and 1971d; Krige 1980, pp. 
194-200; Kriiger 1974; Lakatos 1970, p. 179 n. 1; Laudan 1976, pp. 593-596, 1977, pp. 
139-146, 1990, pp. 121-145; Levin 1979; Lodynski 1982; MacCormac 1971; Malpas 
1989; Mandelbaum 1979, pp. 417-423; Martin 1971, 1972 and 1984; MittelstraB 1984, S. 
122-123; Moberg 1979; Musgrave 1971, pp. 295-296 and 1978; Nersessian 1982, 1984 
chap. 2, 1989a, and 1989b; Newton-Smith 1981, pp. 9-13 and chap. 7; Nordmann 1986; 
Oddie 1988 and 1989; Parsons 1971a and 1971b; Pearce 1982, 1986, 1987 (with additional 
references) and 1988; Pearce and Maynard 1973; Phillips 1975; Porus 1988; Przelecki 
1978; Putnam 1981, pp. 113-124; Rabb 1975; Rakover 1989; Rescher 1982, chap. 2; 
Rorty 1979, pp. 322-333; Sagal 1972; Sankey 1990, 1991a, and 1991b; Scheffler 1967, 
pp. 81-83 and 1972, pp. 367-368; Scheibe 1988a; Shapere 1964, pp. 390-392, 1966, pp. 
67-68, 1969, pp. 106-110, 1971, p. 708, 1984, pp. xv—xvi, and 1989; Siegel 1980, 1987, 
especially pp. 51-69, pp. 81-85; Stegmiiller 1973, p. 167ff., 254, 283-287 and 1986, 
298-310; Stréker 1974, pp. 59-63; Suppe 1974, pp. 199-208; Szumilewicz 1977 and 1985; 
Thagard 1990 and 1991; Tuchanska 1988; Van Bendegem 1983; Van der Veken 1983; 
Vision 1988, pp. 246-288; Watanabe 1975, pp. 118-122; Watkins 1970, pp. 36-37, Wit- 
tich 1981, pp. 147-151; Wong 1989; Zheng 1988. 

59. 1983a, p. 669. 
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played by intuition and metaphor in our [Feyerabend’s and Kuhn’s] 
initial discussion.” For this reason, Kuhn has modified his initial pre- 
sentation of incommensurability at least twice.*! A temporally differen- 
tiated discussion of his position thus recommends itself. In § 6.3.a, I 
will discuss the introduction of the incommensurability concept in 
SSR. Next, I will present its further development over the course of 
the late 1960s and 1970s (§ 6.3.b) and in the 1980s (§ 6.3.c). Finally, | 
will discuss two misunderstandings to which Kuhn’s incommensura- 


bility thesis was subject (§§ 6.3.d and 6.3.e). 


a. The Introduction of the Incommensurability Concept in SSR 


In SSR, Kuhn primarily uses “incommensurability” to characterize the 
relationship between successive traditions of normal science. Ac- 
cording to SSR, pp. 148-150, the incommensurability which holds 
between pre- and postrevolutionary traditions has three different as- 
pects. 


1. In a scientific revolution, both the set of scientific problems 
which must necessarily be faced and the set of those which may legiti- 
mately be faced change. Problems whose answers were of central 
importance to the older tradition may be dropped as obsolete or unsci- 
entific, while questions which either didn’t exist or whose answers 
were trivial in the older tradition may attain great importance. Along 
with the questions, the standards which problem solutions must meet 
in order to be scientifically acceptable often also change. 

These two kinds of change are, for the most part, a consequence 
of a change in phenomenal world, as can be seen in Kuhn’s examples.© 


60. Ibid. 

61. As Kuhn himself notes at several points: 1974b, p. 506 n. 4; 1976b, p. 198 n. 11; 
ET, pp. xxii~xxiii; 1983a, p. 684 n. 3. 

62. SSR, pp. 103, 148, similarly pp. 4, 149, 165. —On pp. 150 and 157 Kuhn also 
talks of the “incommensurability of paradigms,” and on p. 112 (or similarly on p. 4) he 
claims that, for a scientist after a revolution, “the world of his research will seem, here 
and there, incommensurable with the one he had inhabited before.’ Given the close 
association of a particular tradition of normal science with paradigms and with a phenom- 
enal world, such use of “incommensurability” isn’t substantively different. It need hardly 
be noted that, in subsequent literature, disagreement over which entities are the primary 
relata of incommensurability has been very widespread. 

63. A richer notion of incommensurability is explicated in SSR pp. 148-150 than on 
p. 103, where the concept makes its first important appearance in SSR. I will discuss the 
difference in point (3) of this subsection. 

64. On the following, see 1959a, ET p. 234; 1961a, ET pp. 211-212; SSR, pp. 6, 
52, 85, 103-309, 140-141, 147-149. —Compare § 5.3. 

65. The most important of these examples are the development of dynamics from 
Aristotle through Descartes and Newton to the eighteenth century, the revolutionary 
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This point is all too obvious, if both the questions and the sorts of 
answers to them that are regarded as legitimate within a given discipline 
depend on which fundamental entities, with which essential attributes, 
are taken as extant in the appropriate domain. Dependance on the cur- 
rently accepted ontology is especially obvious for explanations in which 
elementary processes occur as explanantia of more complex phe- 
nomena. 

It is characteristic of such changes in problem domains and stan- 
dards as occur over the course of scientific development that they can’t 
be conceived as part of a constant improvement or fine-tuning process, 
in which error is eliminated and the coarse refined.© This characteristic 
is especially evidenced by the fact that revolutionary changes in prob- 
lem fields or standards can, in later revolutions, be partially reversed. 


2. After a revolution, many procedures and concepts belonging to 
the previous tradition of normal science may still be employed, albeit 
in modified ways. Special importance is here ascribed (in SSR, and to 
an even greater extent later) to conceptual change, or change in concept 
use, so-called meaning change.” 

The meaning changes Kuhn discusses in SSR have an extensional 
and an intensional aspect. 

The extensional aspect of meaning change consists in the motion of 
certain objects out of the extension of one concept and into the exten- 

% 


transformation of chemistry by Lavoisier, and Maxwell’s development of the electro- 
magnetic theory. 

66. SSR, pp. 108-109. —In this passage Kuhn also describes this state of affairs as 
the roncumulative development of scientific problems and standards. This description is 
highly misleading. For the counterclaim against which Kuhn seeks to defend his position 
doesn’t assert that the development of scientific problems and standards is cumulative in 
the literal sense, the mere addition of new problems and standards to the old. The counter- 
claim is rather, in Kuhn’s own words, ‘“‘that the history of science records a continuing 
increase in the maturity and refinement of man’s conception of the nature of science” 
(SSR, p. 108). Such increase is alleged to consist in the rejection of “intrinsically illegiti- 
mate” problems, or problems “inherently unscientific or metaphysical in some perjora- 
tive sense” (SSR, p. 108). What is to be warded off is thus a position on which earlier 
problems and standards may, indeed, be criticized and abandoned, and which thus, in 
this respect, ascribes no cumulativity to problems and standards. What Kuhn means to 
attack, the view he describes as “cumulative,” is a particular interpretation of such criticism 
and abandonment of problems or standards as occurs over the course of scientific revolu- 
tions. On this interpretation, throughout the history of science, only that is corrected or 
discarded which was never really scientific to begin with. This view is usually defended 
by those who take the growth of science to be cumulative (see § 1.2.a); hence Kuhn’s 
description of his own position as “‘noncumulative.” 

67. Meaning change is cited at SSR, pp. 149-150 as an aspect of incommensurability. 
Meaning change is more or less explicitly treated at SSR pp. 64, 101-103, 115, 128-129, 
130-134, 142—143, and 149-150. —Cf. § 3.6.a, point 1., on the potential difference 
between “conceptual change” and “‘change in concept use,” entirely missing in SSR. 
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sion of another (and perhaps vice versa), where the two concepts are 
extensionally disjoint. Kuhn’s favorite example for this sort of exten- 
sional change, from SSR up to the present day, is the change in the 
concept of a planet which occurred with the transition from Ptolemaic 
to Copernican theories. After this transition, the Earth, for example, 
becomes a planet, while the sun and moon cease to be called such. 

The intensional aspect of meaning change consists in a change in 
the affected concept brought about by a change in the attributes of 
objects which fall under the concept. 

But we won’t want to call every case in which the attributes of 
objects falling under a given concept change a case of meaning change 
for that concept.”? Meaning change would require, in addition, that 
those attributes of the elements of the concept’s extension that are 
contained in the concept’s definition be among those that change. But 
this requirement presupposes that the attributes of elements of the con- 
cept’s extension can be sorted according to whether they pertain to 
their objects on empirical or definitional grounds. This amounts to an 
application of the analytic/synthetic distinction, the possibility of 
which Kuhn denies for empirical concepts.”! It follows that the legiti- 
macy of Kuhnian pronouncements of meaning change can’t (at least 
immanently) be judged on the basis of whether they offer evidence for 
an actual change in defining traits. But now Kuhn’s diagnosis of mean- 
ing change appears largely arbitrary, since there’s no criterion for de- 
termining which changes in the attributes of elements of a concept’s 
extension lead to meaning change and which don’t. 

But according to Kuhn, the phase of normal science features certain 
propositions similar in some respects to analytic sentences, though in 
other respects their character seems more synthetic. Such propositions 
are similar to analytic sentences in virtue of their marked resistance to 
empirical falsification, and so they take on a certain air of necessity.” 
They appear synthetic, however, in that they are by no means the 
products of arbitrary definitional stipulations. They are rather in part 
the products of painstaking empirical and theoretical research.” Kuhn 
cites Newton’s second law of motion and Dalton’s law of fixed propor- 
tion as examples: 


68. SSR, pp. 115, 128-129, 130-134. 

69. SSR, pp. 115, 128-129; 1970b, p. 275; 1970c, SSR p. 200; 1979b, p. 216; 1981, 
p- 8; 1989a, p. 31; 1990, p. 313. 

70. This is the thrust of Shapere’s objection in his 1964, p. 390. 

71. Compare § 3.6.f. 

72. SSR, pp. 78, 131-132, 133. 

73. SSR, p. 78. 
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Newton’s second law of motion, though it took centuries of dif- 
ficult factual and theoretical research to achieve, behaves for those 
committed to Newton’s theory very much like a purely logical 
statement that no amount of observation could refute.” 


Similarly, Kuhn claims of Dalton that his work 


made the law of constant proportion a tautology ... A law 
that experiment could not have established before Dalton’s work, 
became, once that work was accepted, a constitutive principle 
that no single set of chemical measurements could have upset.” 


Kuhn later calls propositions of this kind ‘‘quasi-analytic.’’”© In the 
1980s, however, he finds the ‘analytic’? designation inappropriate.” 
Only in his latest work has Kuhn observed that the character of such 
sentences most closely approximates that of synthetic a priori judge- 
ments. ® 

With the help of such sentences we are now in the position to give 
a criterion for determining under what circumstances changes in the 
attributes of extension elements must be interpreted as changes in 
meaning. Changes in the attributes of extension elements of a given 
set of concepts lead to meaning change just in case sentences with the 
approximate synthetic a priori status described above, which contain 
these concepts, now become false. In a certain sense, this criterion is 
obviously a weakened form of the unfulfillable criterion given above, 
which required that the concept’s defining traits change in order for 
talk of meaning change to be permissible. 

Though the criterion explicated above can’t be found in Kuhn’s 
work, it surely captures his intensions. For in later work, Kuhn fre- 
quently asserts his suspicion 


that, quite generally, scientific revolutions can be distinguished 
from normal scientific developments in that the former require, 
as the latter do not, the modification of generalizations which had 
previously been regarded as quasi-analytic.” 


3. In SSR, p. 150, Kuhn cites as the “most fundamental aspect 
of... incommensurability” the fact that ‘‘the proponents of competing 


74. SSR, p. 78. —Compare this passage with Kuhn’s approach to the two ways of 
viewing the second law of motion in 1989a and 1990. 

75. SSR, p. 133. 

76. 1974a, ET p. 304 n. 14; 1976b, p. 198 n. 9. 

77. 1983d, p. 567. 

78. Kuhn 1989a, p. 20, and p. 21 n. 19; 1990, p. 306, and p. 317 n. 17. 

79. 1974a, ET p. 304 n. 14; similarly 1970c, SSR pp. 183-184; 1976b, p. 198 n. 9; 
similarly 1981, p. 21. 
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paradigms practice their trades in different worlds.” This aspect was 
discussed in detail in § 6.2. It remains for us to observe an element of 
unclarity in Kuhn’s treatment of incommensurability in SSR which 
affects the world-change dimension. For on p. 150, Kuhn explicates a 
richer notion of incommensurability than that employed on p. 103, the 
first important occurrence of the term in SSR.® On p. 103, Kuhn cites 
only changes in problems and standards as sources of incommensura- 
bility between traditions of normal science, characterizing this sort of 
change as a more subtle effect of paradigm shift®! than that discussed 
in the preceding pages,® change in concepts and ontological commit- 
ments.®? So while the incommensurability concept presented on p. 103 
relates only pairs of pre- and postrevolutionary problems and stan- 
dards, that utilized on pp. 148-150, in addition to relating concepts or 
procedures, also introduces the relationship between worlds as the 
“most fundamental aspect”’ of incommensurability. The transition to 
the richer notion seems to occur on p. 112, where Kuhn applies the 
notion of incommensurability to the relationship between worlds. 


b. Further Developments at the End of the 1960s and in the 1970s 


Such vagueness in the incommensurability concept of SSR is presum~- 
ably what led Kuhn, in works composed from 1969 on, to change his 
views in certain respects. To be sure, Kuhn sees these changes only as 
a refinement in the presentation of his position in SSR.* I begin by 
noting two changes which are retained even in papers appearing in the 
1980s. 

First of all, Kuhn now speaks almost exclusively of the incommen- 
surability of theories, terms, vocabularies, or languages.®° By 1969 and 
thereafter, incommensurability characterizes only such differences as 
result from the differential acquisition of concepts belonging to differ- 
ent theories.*° The version of the incommensurability concept which 


80. The only earlier use of the incommensurability concept is his anticipatory refer- 
ence on p. 4. 

81. SSR, p. 104. 

82. SSR, pp. 99-103. 

83. The same contrast is taken up again on p. 109, where Kuhn recalls his examples 
for change in problems and standards. Here he distinguishes the ‘“‘cognitive” and “norma- 
tive functions of paradigms.” 

84. 1976b, p. 190. 

85. 1970b, pp. 267, 268; 1970c, SSR p. 198; 1971a, p. 146; 1976b, pp. 190, 191, 
198 n. 11; 1979b, p. 416; 1983a, pp. 669, 680; 1983b, p. 714. —kKuhn also talks of 
“ncommensurable standpoints,” usually in referring back to SSR; 1970c, SSR pp. 175, 
200; ET, p. xxn. 

86. 1983a, p. 684 n. 3. 
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results is substantially narrowed from that of 1962. Where the 1962 
notion had three distinct aspects, between which the relations hadn’t 
been worked out, incommensurability is now confined to one of those 
aspects, that of meaning change. To be sure, the two other aspects, 
changes in problems and in the standards for their solution, and changes 
in the phenomenal world, are closely associated with meaning change. 
Kuhn completes this narrowing of the incommensurability concept 
with an explicit statement that his incommensurability thesis was never 
meant to imply that all of the concepts employed in both theories 
change meaning in the transition to a new theory.*” Kuhn had widely 
been understood to be claiming precisely this.** But what he always 
had in mind, he claims, is ‘‘local incommensurability,” in which mean- 
ing change affects “only . . . a small subgroup of (usually interdefined) 
terms. ’”®? 

Second, Kuhn now relies heavily on the notion of (un-) translat- 
ability in explicating the “‘incommensurability of theories.” Signifi- 
cant inspiration is here provided by the work of Quine, especially his 
Word and Object, published in 1960, which Kuhn critically adapts.” 
Kuhn’s emphasis on this point shifts in the course of the transition 
from his work in 1969 and the 1970s to that in the 1980s, and so I will 
make a further temporal distinction in my exposition. In 1969 and the 
1970s, two theories are called incommensurable just in case there is no 
“language into which at least the empirical consequences of both can 
be translated without loss or change.’ This language would be a 

“neutral observation language,”’ at least relative to the two theories in 
question.” But there can be no such language, for 


87. This misunderstanding is suggested, for example, by the assertion, in SSR, that 
a revolution is ‘ta displacement of the conceptual network through which scientists view 
the world” (p. 102). From SSR p. 130, for example, or from his discussion of partial 
communication across paradigms (e.g. SSR, p. 149), we may infer that Kuhn never 
meant a revolution to be a displacement of the entire conceptual network (cf. § 7.5.c). In 
his 1969 papers Kuhn says explicitly, albeit in passing, that only some concepts experience 
meaning change: ‘““Though most of the same signs are used before and after a revolu- 
tion... the ways in which some of them attach to nature has somehow changed (1970b, 
p. 267, emphasis mine, similarly p. 269; 1970c, SSR p. 198; 1977c, ET p. 338). This 
misunderstanding is only emphatically warded off in 1983a, pp. 669-671. 

88. E.g. Agazzi 1985, p. 61; Franklin et al. 1989, p. 229; Martin 1971, pp. 17 and 19; 
Newton-Smith 1981, p. 12; Putnam 1981, p. 115; Shapere 1966, pp. 67-68, 1969, p. 
197, and 1984, p. xvi; Suppe 1974a, p. 491; or, indirectly, Toulmin 1970, p. 44. 

89. 1983a, pp. 670-671. 

90. 1970b, pp. 268-269; 1970c, SSR p. 202; 1971a, p. 146; 1976b, p. 191; ET p. 
xxli-xxill; 1977c, ET p. 338; 1979a, p. 126; 1983a, pp. 672-673, 679-681. 

91. 1970b, p. 266, similarly p. 268; 1970c, SSR p. 201; 1974b, p. 410; 1976b, p. 191; 
1979b, p. 416. 

92. Only after the publication of SSR does Kuhn note that the neutrality of the 
(hypothetical) observation language need be only relative to the two theories in question, 
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In the transition from one theory to the next words change their 
meanings or conditions of applicability in subtle ways. Though 
most of the same signs are used before and after a 
revolution—e.g. force, mass, element, compound, cell—the 
ways in which some of them attach to nature has somehow 
changed.”? 


Kuhn thus makes his skepticism with regard to the possibility of a 
(relatively) neutral observation language the basis of his concept of 
incommensurability. Though this skepticism was already articulated in 
SSR,” its connection with incommensurability wasn’t. 

How is the incommensurability thesis justified in Kuhn’s 1969 pa~ 
pers? In its structure, the argument closely parallels his argument for 
the nonexistence of any (absolutely) neutral observation language in 
SSR. There Kuhn claimed that efforts at constructing a neutral obser~ 
vation language had so far resulted, at best, in 


a language that—like those employed in the sciences—embodies 
a host of expectations about nature and fails to function the mo- 
ment these expectations are violated.” 


Kuhn’s argument in 1969 and immediately thereafter begins with his 
sketch of the way in which, when learning a theory, a portion of the 
phenomenal world is constituted by means of immediate similarity 
relations and of the role the objects and problem situations which must 
be ostended play in this process.”° As was already asserted in SSR, the 
system of empirical concepts employed in this process is by no means 
cognitively neutral but contains knowledge of the appropriate phenom- 
enal world.” But it’s a central characteristic of scientific revolutions 
that certain similarity relations change over the course of the revolu- 
tion.” In the process, the phenomenal world changes, along with some 
of the empirical concepts with which it’s described and the knowledge 
of the phenomenal world implicit in these concepts. The empirical 
consequences derivable from both theories (given set initial and bound- 
ary conditions) are thus formulated in conceptual systems with mutually 


not absolute; 1976b, p. 198 n. 11. Kuhn now makes the claim, stronger than that in 
SSR, that revolutions lack even observation languages of only relative neutrality. 

93. 1970b, pp. 266-267; similarly 1970c, SSR p. 198. 

94. SSR, pp. 126-129, 145-146. 

95. SSR, p. 127. 

96. 1974a, ET pp. 305-318; 1970b, pp. 270-276; 1970c, SSR pp. 200-201. —Com- 
pare chaps. 3 and 4. 

97. Compare § 3.7. 

98. Compare § 6.2, conclusion. 
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incompatible epistemic claims. There can thus be no conceptual system in 
which the empirical consequences of both theories can be translated 
without loss or change. 


c. Further Development in the 1980s 


Kuhn’s alteration and expansion, in the 1980s, of the explication of 
incommensurability given at the end of the 1960s and in the 1970s in 
response to popular criticisms of his incommensurability thesis, focuses 
on the following points.” 

First of all, the 1969 and 1970s papers relied on the untranslatability 
of two theories by means of some (relatively) neutral observation lan- 
guage in explicating the concept of incommensurability. But in the 
1980s, the recourse to a neutral observation language disappears. The 
notion of untranslatability is now immediately involved in explicating 
incommensurability. As Kuhn puts it in a formulation we will shortly 
take up again, “if two theories are incommensurable, they must be 
stated in mutually untranslatable languages. ”!° 

Second, the explication of the concept of incommensurability cited 
above appears to contradict the 1969 papers. For in those papers Kuhn 
repeatedly talks of a theory-choice situation’s involving the translation 
of one theory into the language of the other and vice versa, though 
such translations aren’t unproblematic.'!°! The contradiction dissolves 
when we recall that, in the 1980s, Kuhn consciously opérates with a 
different notion of translation than before. 

At the end of the 1960s and in the 1970s, Kuhn employs an every- 
day concept of translation. This concept allows Kuhn to say, for exam- 
ple, that translation 


can present grave difficulties to even the most adept bilingual. He 
must find the best available compromises between incompatible 
objectives. Nuances must be preserved but not at the price of 
sentences so long that communication breaks down. Literalness 
is desirable but not if it demands introducing too many foreign 
words which must be separately discussed in a glossary or ap- 
pendix. 


99. In his 1983a, Kuhn cites the criticisms of Davidson 1974; Kitcher 1978; Putnam 
1981, pp. 113-124; Scheffler 1967; and Shapere 1966. 

100, 1983a, pp. 669-670; similarly 1983b, pp. 713 and 715; 1984, p. 245; 1989a, pp. 
10-11, 22, 24; 1990, pp. 299, 308, 315; and 1981, p. 8. 

101. 1970b, pp. 267, 268, 269-270; 1970c, SSR pp. 202, 203; 1977c, ET p. 338. —I 
will return to this translation situation in § 7.5.d. 

102. 1970b, p. 267. 
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But, as Kuhn claims in 1982, translation in this everyday sense (which 
also applies to translations of literary texts) consists in two heteroge- 
neous moments, a moment of translation in the narrow, technical 
sense, and an interpretive moment.'™ 

In translation in the narrow, technical sense, single words or word 
groups in a text of the source language are systematically replaced by 
single words or word groups in the available target language. Neither 
source nor target language is changed in the process, and both texts 
are to be identical in meaning. In this sort of translation, there is no 
need to compromise between incompatible objectives; the translation 
of a given text into a given target language is either possible or impos- 
sible. 

The second moment of translation in the everyday sense is of the 
interpretive variety. It is especially in evidence when we consider the 
situations of historians or ethnographers dealing with wholly or par- 
tially unintelligible texts. In such cases, the unintelligible must be made 
intelligible, which requires learning a more or less significant portion of the 
language in which the unintelligible material is articulated. To attain the 
sought-after degree of understanding, “being able to think in the for- 
eign language,” it isn’t always enough to be able to identify the refer- 
ents of previously unintelligible concepts. One must also be able to 
understand how it is that these referents form the extension of a single 
concept. Toward this end, familiarity with the series of assumptions 
about the world on which the heretofore unintelligible texts or utter- 
ances are based may be necessary.'”* 

When the unintelligible has thus been made intelligible, it remains 
entirely open whether the newly intelligible text can be translated into 
another language in the narrow, technical sense of translation or not. 
Though the text may resist translation in this sense, it is still translatable 
in the everyday sense. But such translation requires compromises of 
the kind mentioned in the passage cited above, in addition to changes 
in the target language, whether by the addition of new concepts or by 
the more or less subtle alteration of previously available concepts for 
purposes of translation. 

Two theories are now called incommensurable just in case they are 
formulated in languages not translatable in the narrow sense. As to why 
there might be languages not intertranslatable in this sense, further 


103. 1983a, pp. 671~673; also 1989a, pp. 10-12; 1990, pp. 299-301. —In these discus- 
sions Kuhn talks of “components” or “processes” rather than moments; compare § 4.3.e. 
—Also compare Rescher 1982, pp. 32-35. 

104. Hesse 1983, p. 707; Kuhn 1983a, pp. 674-676, and 1983b, p. 712. Q.v. the 
earlier Kuhn 1970b, p. 270. 
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explanation is required, explanation Kuhn provides in part by a third 
device. 

In the 1980s, Kuhn employs the concept of a lexicon and its struc- 
ture as a new tool in the explication of incommensurability.!° Ac- 
cording to the position Kuhn takes in these later writings, a speaker 
applies concepts to nature by determining, with reference to certain 
criteria, whether or not a given concept pertains to a given object or 
situation.'° The criteria any given speaker employs generally aren’t 
universal over the entire speech community; indeed, two speakers 
might, in principle, employ completely disjoint sets of criteria without 
differing at all in their concept use. If a concept is to be used unequivo- 
cally, the relations the concept bears to other concepts in virtue of a 
given speaker’s set of criteria must be identical to the analogous rela- 
tions which hold for other members of the community (albeit perhaps 
in virtue of other criteria). Taken together, the relations between the 
empirical concepts of a given system, or “lexicon,” are called the 
“structure of the lexicon.” 

Changes in the criteria for concept employment may even spread 
throughout the speech community without changing the structure of 
the lexicon. According to Kuhn, this is just what happens all the time 
in normal science.” By contrast, change in the structure of the lexicon 
is characteristic of revolutionary linguistic change.'* A change in the 
immediate similarity relations constitutive of concepts,. and of the 
world, is responsible here.'® It brings with it a change in the extensions 
of concepts, for fundamental taxonomies change in such a way as to 
place objects formerly belonging to the same extension in the comple- 
mentary extension, and vice versa.!!° Such change sometimes also re- 
sults in a change in descriptive vocabulary.'"’ At the same time, the 
knowledge of nature contained in the lexicon also changes,'!” leading 
to the “violation or distortion of a previously unproblematic scientific 
language,” “the touchstone for revolutionary change.’’!? 

We are now in a position to explain why pre- and postrevolution- 


105. 1983a, pp. 682~683; 1983b, pp- 713-714; 1989a; 1990. —Also compare §§ 3.6.¢ 
and 4.4.a, 

106. Compare § 3.6.g. 

107. 1981, p. 19. 

108. 1981, pp. 8, 19-21; 1983a, Pp. 682-683; 1983b, pp. 713-714; 1984, p. 246; 
1989a, pp. 24, 30-31; 1990, pp. 313, 314-315. 

109. 1979b, pp. 416, 417; 1983a, pp. 680, 682-683; 1989a, p. 31. 

110. Compare § 6.3.a. 

111. 1981, pp. 18-19; 1983a, p. 673; 1984, p. 245. 

112. Compare § 3.7. 

113. 1981, p. 21; similarly 1983a, p. 683. 
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ary languages aren’t intertranslatable in the narrow sense.'!* Somewhat 
simplified, the explanation is as follows.'!° A necessary condition for 
translation in the narrow sense is a systematic mapping of concepts in 
the source language to concepts in the target language such that each 
concept is mapped to a concept with the same extension and meaning. 
If the lexica of source language and target language have different struc- 
tures, and if the structural difference is such that the extensions of 
roughly corresponding concepts aren’t identical, the necessary condi- 
tion can’t be fulfilled.!'® Incommensurability thus occurs only when 
the structure of the world, as mediated by the structure of the lexicon, 
is different from what it was before.'”’ 


d. The First Misunderstanding: Incommensurability Implies Incomparability 


Kuhn’s incommensurability thesis triggered a range of misunder- 
standings, which burden subsequent debate. In § 6.3.b, I discussed the 
misunderstanding on which Kuhn is thought to hold that all of the 
concepts contained in both theories change meaning over the course of 
a revolution. I will now treat two further misunderstandings. First, 
many authors have assumed that the incommensurability of successive 
theories means, or at least implies, their incomparability. In addition, 
some have accused the incommensurability thesis of undermining all 
continuity between successive traditions of normal science (§ 6.3.e). 
How might the impression that incommensurable theories can’t be 
compared with regard to their empirical potential come about?'’® The 
basis for this impression is that such theories appear to bear the same 


114, 1983a, p. 683. 

115. The simplification glosses over two points. First of all, individual words may 
also be replaced by expressions containing several words, and vice versa. Second, the 
replacements may be context-sensitive, so that one or another word in the target language 
is used depending on context (cf. 1983a, p. 679). 

116. Compare § 3.6.g. 

117. 1983a, pp. 673, 676, 680, 683. —Compare § 6.2. 

118. Among many others, see e.g. Agazzi 1985, pp. 51 and 61; Balzer 1978, pp. 
313-314; Bayertz 1981a, p. 23; Devitt 1979, p. 29; Franklin et al. 1989, p. 229; Jones 
1981, p. 394; Katz 1979, p. 329; Kitcher 1978, p. 529; Kordig 1981d; Lakatos 1970, p. 
179 n. 1; Lee 1984, p. 73; Levin 1979, pp. 407 and 414; Martin 1971 and 1972; Newton- 
Smith 1981, pp. 9-10, 148, 267; Phillips 1975, pp. 37 and 39; Putnam 1981, p. 118; 
Radnitzky 1988, pp. 109 and 127; Scheffler 1967, pp. 16-17 and pp. 83-84; Shapere 1966, 
pp. 67-68, 1969, p. 107 and 1984, p. xxxvii; Stegmiiller 1973, p. 167; Szumilewicz- 
Lachmann 1984, p. 262; Watanabe 1975, pp. 118-119; Wittich 1981, p. 148. But cf. 
Bernstein 1983, pp. 82 and 86 and Brown 1983 (or, more distantly, Stegmiller 1986, 
pp. 298, 302; Zheng 1988, p. 233), in which the incomparability charge against incom- 
mensurable theories is rejected. Brown cites a number of passages from Feyerabend’s 
work in which the charge is similarly rejected. Kuhn concerns himself with this misun- 
derstanding in 1970b, p. 267; 1976b, pp. 190-191; 1979b, p. 416; 1983a, pp. 670-671. 
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relation to one another as, for example, theories of the unconscious 
bear to theories on the stability of globular star clusters. Such theories 
have no empirical intersection at all, since they address different object 
domains in which they explore different problems, employing mutu- 
ally untranslatable vocabularies. Incommensurable theories appear, 
analogously, to address differently constituted regions of the world 
with mutually untranslatable lexica and different questions. The empir- 
ical potentials of such theories don’t appear to be in competition at all. 

There is, however, an important disanalogy between incommensu- 
rable theories and pairs of theories related as a theory of the unconscious 
is related to a theory of globular star clusters. The latter theories have 
totally different object domains, hence totally disparate lexica and re- 
search problems. Incommensurable theories, by contrast, target roughly 
the same object domain, as far as the world-in-itself is concerned,!'9 though 
this “object domain” isn’t graspable in any theory-neutral way, since 
different lexica must always produce different object domains. But this 
difference in object domains and the research problems posed within 
them isn’t total, because the incommensurability of the lexica is only 
local.’ It follows, as we shall soon see, that the empirical potentials 
of incommensurable theories can indeed be compared, '”! that such the- 
ories have empirical intersections, and that they can be mutually incom- 
patible. '° 

In comparing the potentials of incommensurable theories, three 
stages of increasing complexity can be distinguished, though transitions 
between them may prove quite fluid.'2 In the first stage, we find that 
some of the empirical predictions of incommensurable theories can be 
compared immediately, namely those unaffected by the (merely local) 
incommensurability of the lexica,!%4 Though the incommensurable 


119. Such talk of “object domains” obviously can’t be taken literally, as this notion 
properly applies only to regions of the phenomenal world. 

120. Compare § 6.3.b. 

121. Neither does the mathematical concept of incommensurability, on which that 
employed in the philosophy of science is modeled, imply incomparability; 1970b, p. 267; 
1976b, p. 191; 1983a, p. 670. 

122. Compare § 6.1. —In SSR, p. 103, Kuhn explicitly claims that incommensurabil- 
ity implies incompatibility: “The normal-scientific tradition that emerges from a scientific 
revolution is not only incompatible but often actually incommensurable with that which 
has gone before.” 

123. I will return to the comparison of incommensurable theories in § 7.4; in particu- 
lar, in § 7.4.b I will discuss how factors relevant to choice shift over the course of both 
theories’ development. The three stages of increasing complexity, which I will discuss 
without further ado, have to do with an expansion of the comparative basis in which 
the two theories are taken as constant. In truth, the two processes here separated for 
expository purposes are intermingled. 

124, 1970c, SSR p. 203; 1977c, ET p. 339. 


220 / The Dynamic of Scientific Knowledge 


concepts may be central to both theories, many of the theories’ predic- 
tions may be formulated entirely commensurably. Predictions in which 
the incommensurable concepts don’t figure at all may often be made 
on the basis of a new theory in the early stages of competition, where 
they couldn’t be made at all (at least not initially) by means of the old 
theory. Of course, the opposition may not understand or may only 
partially understand the manner in which these predictions are reached, 
but this failure poses no obstacle to comparison. 

The familiar example of planetary theory illustrates the possibility 
of immediate comparison. Despite the incommensurability of Ptole- 
maic and Copernican theories, as evidenced, for example, by the mean- 
ing shift in the concept of a planet, predictions of planetary position 
may be immediately juxtaposed. All that’s required here, in essence, is 
the comparison with the appropriate measurements of the predicted 
angles between the planet and the reference points provided by the 
fixed stars. ; 

In the second stage, the basis for comparing theories is expanded 
beyond such immediate comparisons by identifying those portions of 
the lexicon whose lexical structure has changed. These will usually turn 
out to be small groups of interrelated concepts, which have to be 
learned. But even before this learning process has been concluded, new 
opportunities for comparing the two theories may emerge. For before 
one becomes capable of applying the new concepts in all situations as 
well as those thoroughly familiar with the new lexicon might do, there 
may be particular situations in which the referents of the new concepts 
may be identified by means of the concepts in the old lexicon. Though 
the two theories describe such situations using incommensurable vo- 
cabulary, some of their assertions can thus be compared. 

Let us consider, by way of illustration, the relationship between 
phlogiston theory and its incommensurable successor, oxygen chemis- 
try. In certain types of situations, the referents of the concepts oxygen 
and hydrogen can be identified with the help of concepts in the older 
lexicon, as dephlogisticated air and phlogiston, respectively.'* Al- 
though these identifications by no means capture the concepts of oxy- 
gen and hydrogen for someone familiar only with phlogiston theory, 
empirical assertions about the appropriate class of situations can now 
be compared. 

In the third stage, further opportunities for theory comparison 
emerge once one has learned the new theory, a process which involves, 
above all, becoming familiar with the new lexicon.” Still, no fully 


125. See Kitcher 1983, pp. 691-692, and Koertge 1983, pp. 102-103. 

126. Of course, further opportunities for comparison also emerge even before one 
has completely learned the new theory, although some parts of the new theory may then 
appear odd, if not downright inconsistent. 
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systematic, “‘point-by-point”’ comparison of the two theories js possi- 
ble.!”” This would involve the dissection of the theories into their com- 
ponent parts, especially their empirical laws, and the Separate juxtaposi- 
tion and comparative evaluation of these parts. It’s impossible because 
a theory isn’t, notwithstanding the claims of pre-Kuhnian philosophy 
of science to the contrary, a set of relatively independent empirical 
laws.}78 A theory is rather an integrated whole, in which individual 
laws are conceptually interconnected and, empirically, mutually sus- 
taining.'”? But given incommensurability, the conceptual, and hence 
also the empirical, connections can be taken to have changed to the 
point where no unequivocal mapping between the theoretical moments 
of one side and those of the other is possible. 

It follows that any juxtaposition of the two theories must have a 
holistic character, in the sense that all theoretical moments, hence al] 
differences, must be considered more or less simultaneously. To be 
sure, the theories differ in their weighting of and solutions to certain 
problems. To be sure, some facts may be formulated in one theory but 
not in the other. Yet the holistic comparison of the potentials of the 
two theories isn’t thereby ruled out. Balancing the comparison may, 
of course, pose substantial difficulties, for weaknesses in one domain 
may be compensated by strengths in another, where the opposite holds 
for the other theory." But the fact that such holistic comparison is 
difficult and, in some situations in theory development, without any 
unequivocal result,'*! surely doesn’t entail that it’s impossible. 

The fact that incommensurable theories can, indeed, be compared 
in their empirical potentials has important consequences for Kuhn’s 
theory. If incommensurable theories were incomparable, theory choice 
would perforce be fundamentally irrational, for it could in no way be 
guided by the aims in pursuit of which theories are used. But Kuhn 
was, quite against his intentions, understood by many as claiming pre- 
cisely that the completion of a theory choice always occurs with the 
help of propagandistic means and isn’t swayed by the merits of argu- 
ments, 


127. 1970b, p. 266; 1976b, pp. 190, 191; 1977c, ET p. 338; similarly 1974b, p. 410. 

128. 1977b, ET pp. 19-20; or 1974a, ET p. 299. 

129. Kuhn’s standard example here is Aristotelian physics, with emphasis on the law 
that nature abhors a vacuum; 1977b, ET p. 20; 1981, pp. 8-12, especially pp. 11-12; or 
even 1957a, pp. 84-94; 1964, especially pp, 257-259, 

130. 1961a, ET p. 211 n. 48; also see § 7.6.b below. 

131. The manner in which competition between theories develops given the ongoing 
articulation of the theories, especially of the new one, will be discussed in § 7.4.b. 

132. See e.g. Koertge 1988, p. 30; Lakatos 1970, p. 178; Maxwell 1984, p. 99; Mittel- 
straB 1988, p. 186; Mocek 1988, p. 95; Popper 1970, pp. 56-58; Purtill 1967, pp. 54, 57; 
Scheffler 1967, p. 18; Shapere 1964, pp. 392-393; 1966, p. 67; 1977, p. 200, and 1984, 
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e. The Second Misunderstanding: Incommensurability Implies Discontinuity 


The misunderstanding on which all continuity between incommensu- 
rable theories is denied is related to the misunderstanding discussed 
above, which took incommensurability to imply incomparability.'”° 
But Kuhn asserts, as early as SSR, that ‘‘at least part of that achieve- 
ment [of normal science] always proves to be permanent’’™ in that it 


survives revolution. This should be no surprise, since after a revolution 


much of [the scientist’s] language and most of his laboratory in- 
struments are the same as they were before. As a result, postrevo- 
lutionary science invariably includes many of the same manipula- 
tions, performed with the same instruments and described in the 
same terms as its revolutionary predecessor.’ 


This, in turn, rests on the fact, here mentioned only in anticipation, 
that one inexorable condition for the success of a new theory is that it 


must promise to preserve a relatively large part of the concrete 
problem-solving ability that has accrued to science through its 
predecessors. '° 


Yet Kuhn emphasizes that “recognizing continuity through revolutions 
has not led historians or anyone else to abandon the notion [of a revolu- 
tion].”!*” But in his 1976b, we find that Kuhn isn’t satisfied with his 
previous treatment of the continuities persisting through revolutions. '*° 
The reason for this dissatisfaction is doubtless that, although he attested 
to these continuities, he didn’t analyze them in any depth.” 


p. xvi; Toulmin 1970, p. 44. Contrast these with Austin 1972 and Hempel 1979, espe- 
cially p. 54. —See § 7.4.b below on Kuhn’s version of the grounds for theory choice. 

133. See e.g. Fuller 1989, p. 66; Laudan et al. 1986, p. 170; Nersessian 1989b, pp. 
324-325; Purtill 1967, pp. 53-54; Shapere 1969, pp. 107-108 and 1984, p. xxxi; Shimony 
1976, p. 574; Siegel 1983, p. 76; Stegmiiller 1973, p. 167; Toulmin 1967, p. 466 and 
1970, p. 43; Watanabe 1975, p. 115; Wittich 1981, p. 150. 

134. SSR, p. 25. 

135. SSR, p. 130; similarly p. 149. 

136. SSR, p. 169; similarly 1961a, ET pp. 212-213; 1970a, ET p. 289; 1980a, p. 190. 
—See § 7.4.b. 

137. 1970b, p. 250; also 1980a, p. 191. 

138. 1976b, p. 185. 

139. When the passages cited above are taken together, it seems impossible to agree 
with Stegmiiller’s judgment: “We wouldn’t be doing justice to Kuhn were we to apply 
the model of Hegelian dialectic and assert that new theories constitute a form of ‘synthe- 
sis,’ under which the old may be ‘subsumed.’ No, the relationship between the old and 
the new is that of sheer opposition” (Stegmiiller 1973, p. 167 [My translation. 
—A.T.L.]). But in fact there are significant parallels between Kuhn’s exposition and 
Hegel’s Phenomenology of Spirit, though this isn’t the proper place to pursue them. 


C HAPTER SE: VEN 


The Dynamic of Scientific 
Revolutions 


SCIENTIFIC REVOLUTIONS AREN’T, according to Kuhn, coincidental 
events. They are rather, in a certain sense, the necessary product of 
normal science. For normal science produces the significant anomalies 
which serve as the concrete point of departure for revolutions (§ 7.1). 
Significant anomalies may lead to the relatively isolated, unexpected 
discovery of new phenomena or entities (§ 7.2), or they may trigger a 
great revolution of the kind in which theories aren’t just modified but 
replaced (§ 7.3). A choice between two (or more) theories is then 
forced, and we must ask what reasons weigh in to determine the out- 
come of such choice (§ 7.4). The discourse between proponents of the 
different theories exhibits certain special features, which we must dis- 
cuss next (§ 7.5). In conclusion, one might ask what sort of progress 
results from scientific revolutions (§ 7.6). 


7.1 The Dialectic of Normal Science: 
The Production of Significant Anomalies 


The practice of normal science strives to expand and improve knowl- 
edge of its particular phenomenal world on the basis of previously 
available knowledge. As such prior knowledge of the world also en- 
compasses (to some extent implicit) knowledge about the sorts of ob- 
jects there are and the fundamental attributes they have,’ it places sub- 
stantive expectations on experimental and theoretical results whose 
details have yet to be worked out.” Such concrete expectations concern 


1. Compare § 3.7. 

2. 1959a, ET pp. 227, 234, 237; SSR, pp. 5-6, 24, 34, 52-53, 57, 64-65, 100-101, 
152, 166; 1962d, ET pp. 173-174; 1963a, pp. 349, 364-365, 368; 1970a, ET pp. 272, 
277, 1970b, p. 247. 
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the solubility of appropriately selected problems,’ as well as many de- 
tails, including quantitative details, of the expected solutions.* 

But it’s not the case that such expectations regarding the behavior 
of nature (that is, of the current phenomenal world), when it comes to 
the actual performance of instrumentation or achievements of theory, 
are always fulfilled. On the contrary, normal science repeatedly wit- 
nesses situations which contradict expectations. Kuhn calls observa- 
tions or experimental and theoretical findings that are surprising rela- 
tive to normal-scientific expectations, and appear to contradict them, 
anomalies. Accordingly, problems that, by the standards of normal 
science, really ought to be soluble, but whose solution poses unex- 
pected difficulties, are called “anomalous” or “extraordinary” prob- 
lems,° or anomalies as well.’ Normal science 1s always confronted with 
anomalies and anomalous problems.* As Kuhn so forcefully puts it in 
SSR, using “counterinstance”’ instead of “anomaly,” “there is no such 
thing as research without counterinstances.’”” 

But anomalies and anomalous problems aren't normally taken as 
refuting counterexamples to the current governing regulations. Anom~ 
alies may come about when apparatus doesn’t function the way pre~ 
dicted, or when approximations are made unconsciously, or when their 
accuracy is falsely assessed, or the like.'° For the same sorts of reasons, 
problems may unexpectedly turn out not to be satisfactorily soluble or 
not to be soluble at all. And so normal science often deals with anoma- 
lies by setting them aside rather than scrutinizing them, until they have 
somehow demonstrated their conformity to regulations. '! The reason 
behind such treatment is the expectation that anomalies and anomalous 
problems would dissolve under closer analysis but that such analysis 
isn’t worthwhile, since it promises no interesting epistemic gain. And, 
indeed, it happens again and again that anomalies simply dissolve “by 
themselves,” without any special expenditure of energy on their behalf. 
If all problems that, contrary to expectations, resisted solution were 
taken as falsifying instances for the appropriate normal-scientific prac- 


3. Compare § 5.2.b. 

4. Compare § 5.2.c. 

5. 1961a, ET p. 221; SSR, pp. ix, 5-6, 52-53, 57, 65, 96-97, 101; 1962d, ET pp. 
173-174; 1963a, pp. 364-365, 368; 1964, ET p. 263; 1971b, ET p. 28; ET, p. xvii; 1980a, 
pp. 183, 191; also 1959, ET p. 235. 

6. E.g. SSR, p. 34. 

7. E.g. SSR, pp. 5-6. 

8. Compare § 5.2.d point 2, and § 5.6. 

9. SSR, p. 79, similarly pp. 17-18, 81, 110, 146, 147. 

10. 1961a, ET p. 202; SSR, pp. 81-82. 

11. Compare § 5.2.d. 
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tice, their ubiquity would mean that “‘all theories ought to be rejected 
at all times.” '? 

Still, it’s not the case that anomalies never cast the slightest doubt 
on the regulations of normal science. Kuhn calls an anomaly with the 
ability to call the regulations of normal science into question “more 
than just an anomaly”’; and he similarly speaks of ‘“‘serious,” “meaning- 
ful,” “troublesome,” “especially compelling,” ‘admittedly fundamen- 
tal,” ‘‘crisis-provoking,” or “‘significant”” anomalies. Kuhn some- 
times calls this kind of anomaly just an ‘‘anomaly,” in situations in 
which the critical character of the anomaly is clear from the context. 4 
Now, what distinguishes a “mere” anomaly from a “significant” 
anomaly? 

This question amounts to the demand for a criterion or defining 
characteristic capable of specifying the difference between mere and 
significant anomalies. But as such, for Kuhn, it isn’t answerable. For 
being a significant anomaly isn’t a (relational) property of any given 
experimental or theoretical finding or problem. To be sure, failure to 
harmonize with the expectations of a given community is a (relational) 
property of findings or problems, and accordingly, the identification of 
anomalies is largely unanimous in scientific communities.'° But assess- 
ing whether a given anomaly calls the governing regulations into ques- 
tion or not involves a judgment or evaluation on which members of the 
relevant community may have differences of opinion. For 

4 


29 ce 


there are no rules for distinguishing an essential anomaly from 
mere failure. . . . I was concerned not to find a methodological 
rule for individual scientists. 


Still, something may be said about the circumstances which may 
prompt, though not force, the evaluation of an anomaly as a significant 
anomaly. With no claims to completeness, Kuhn lists four relevant 
factors.'’ First, an anomaly may appear to call the accepted, interpreted 


12. SSR, p. 146. 

13. 1961a, ET pp. 204, 205, 209, 211; SSR pp. 77, 81, 82, 86, 97 (similarly p. 169); 
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14. E.g. 1961a, ET pp. 191, 211; SSR, pp. 6, 67, 97, 101; 1962a, ET p. 173; 1962d, 
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15. 1980a, p. 183. 
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claims that scientific value judgements generally aren’t the application of algorithmic 
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17. 1961a, ET pp. 202, 208-211, 221; SSR, pp. x, 69, 75, 82, 97, 153; 1964, ET p. 
262; ET, p. xvii; 1980a, p. 190 n. 
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symbolic generalizations immediately into question. This occurs when 
the problem at issue, though of a kind these symbolic generalizations 
are supposed to be able to handle, still gives every appearance of refus- 
ing to be subsumed under them. A quantitative discrepancy between 
theoretical prediction and experimental or observational findings is es- 
pecially wont to trigger the reevaluation of a mere anomaly as a sig- 
nificant anomaly. Second, an anomaly initially set aside as of little 
significance may, on grounds of developments elsewhere in normal 
science, become an indicator for the doubtfulness of the governing 
regulations. Third, an anomaly may become significant when, over a 
long period of time, its solution resists efforts by even the best special- 
ists in the field. The reasons behind such protracted engagement with 
the problem may in this case be external to science, as when certain 
applications of theory are especially important on extrascientific 
grounds but are hindered by anomalies.!® Fourth, one and the same 
anomaly may appear repeatedly in different laboratories, or different 
anomalies may appear to have the same root. Such anomalies, or 
groups of anomalies, can then no longer be pushed aside as “noise,” 
unworthy of analysis. 

As suggested above, such reasons for reevaluating a mere anomaly 
as a significant anomaly aren’t necessarily compelling. Accordingly, 
such reevaluation may be subject to difference of opinion within a 
scientific community. It follows that the universal recognition of an 
anomaly as significant usually occurs, if at all, as the result of a gradua 
process and not a sudden event. 

Now, it’s a historical fact that the practice of normal science ha: 
given rise to significant anomalies again and again. This is understand. 
able, for anomalies may only exist where there are particular expecta 
tions. But the presence of such expectations is only a necessary condi 
tion for the appearance of those significant anomalies that concern no 
just inconsistencies within a theory, or between theories, but discrepan 
cies between theoretical expectation and empirical fact. For them t 


18. Here it becomes clear that Kuhn’s position can’t be unproblematically classed : 
either externalistic or internalistic. As far as the universal phase model, or “‘structure, 
of scientific development is concerned (compare § 1.3), extrascientific factors can | 
largely neglected, as Kuhn asserts in SSR (SSR, pp. x with n. 4, 69; q.v. ET, p. x 
1983c. See 1971a, pp. 440-141; 1979a, p. 128 on Kuhn’s distinction between “externa 
and “internal’”). But accounts of scientific development that go beyond this structur 
description must also take factors external to science into consideration, especially 
regards their accelerating or dilatory effects, but also as they affect the substantive conte 
of science; on this issue, see SSR, pp. X with n. 4, 68-69, 75, 123-124; 1968a, ET p 
118-120; 1971c, ET pp. 148-150, 159-160; 1976a, ET p. 62; ET p. xv; 1977c, ET 
333 n. 8; 1979a, p. 122; 1983c. 
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occur, the phenomenal world under study must also exhibit a certain 
independence from theoretical expectations, otherwise such discrepan- 
cies between theory and experience couldn’t exist. The phenomenal 
world must assert such resistance despite the fact that similarity rela- 
tions are coconstitutive both of the concepts occurring in the relevant 
theory and of the corresponding region of the phenomenal world.” 
The possibility of discrepancies between theory and experience is ex- 
plained by the fact that similarity relations are only coconstitutive, and 
not entirely constitutive, of the appropriate region of the phenomenal 
world. The resistance of the world-in-itself (or of stimuli)*® may, to 
some extent, penetrate the network of similarity relations, despite the 
fact that these similarity relations are, in a certain respect, already at- 
tuned to such resistance by virtue of their incorporation of genetically 
object-sided moments.”! The repeated occurrence of significant anoma- 
lies in the history of science can, in fact, prove one motive for assuming 
the existence of a theory-independent, and by its own determinate, 
proprietary features resistant, world-in-itself.” 

In the occurrence of significant anomalies lies the dialectic (or the 
irony!) of normal science. For it’s precisely because normal science is 
conducted with the expectation that its chosen problems admit of solu- 
tion in accordance with regulations” that, historically, it repeatedly 
gives rise to significant anomalies. Precisely because it attacks ever 
more esoteric problems at ever greater instrumental and theoretical 
expense,” still trusting to its regulations, do the chances rise that these 
regulations will prove insufficient. Precisely because training in normal 
science is narrow and rigid, conducted with confidence in the govern- 
ing regulations,” are those thus trained so extraordinarily suited to 
diagnosing real failure on the part of these same regulations.”° In this 
way, normal science has, time and time again, led to its own cessation. 
“The ultimate effect of this tradition-bound work has invariably been 
to change the tradition,”’’ 


19. Compare chap. 3, especially § 3.6. 

20. Compare §§ 2.1.a and 2.2.b. 

21. Compare § 3.2. 

22. For other such motives, compare § 2.2.c. 

23. Compare § 5.2.b. 

24. Compare § 5.2.d. 

25. Compare § 5.5.a. 

26. SSR, p. 166. 

27. 1959a, ET p. 234; similarly SSR, pp. 5, 64-65, 122; 1963a, pp. 349, 365; 1964, 
ET p. 262; 1970b, p. 247. —Kuhn’s thesis shouldn’t be misunderstood as claiming that 
normal science necessarily leads to the production of significant anomalies, as Kuhn ap- 
pears to assert when he says that the practice of normal, puzzle-solving science ‘‘can and 
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for no other sort of work is nearly so well-suited to isolate for 
continuing and concentrated attention those loci of trouble or 
causes of crisis upon whose recognition the most fundamental 
advances in basic science depend.” 


What follows when normal science has given rise to one or more 
significant anomalies? These indicate that the practice of normal science 
may no longer proceed as before; significant anomalies reveal “that 
something has gone wrong in ways that may prove consequential.”””° 
Some significant anomalies lead to the relatively isolated, but unex- 
pected, discovery of new phenomena or entities (§ 7.2). Others necessi- 
tate the replacement of a previously accepted theory by a novel theory 
incompatible with the older one (§ 7.3). 

To be sure, as Kuhn notes in SSR, the distinction between the 
unexpected discovery of new phenomena or entities and revolutions in 
theory is artificial,*® for two reasons. First, superficial appearances to 
the contrary, both cases involve changes on the theory level. Second, 
the discovery of new facts may herald the replacement of a previously 
accepted theory, and conversely, the replacement of a previously ac- 
cepted theory may lead to or be accompanied by unexpected discov- 
eries.”! 


7.2 Unexpected Discoveries 


In normal science, too, new phenomena and entities are discovered, 
but these discoveries aren’t unexpected; they may rather be largely 
anticipated with the help of accepted theory.” By contrast, the discov- 
eries resulting from significant anomalies are such that the newly un- 
earthed phenomena or entities “could not be predicted from accepted 
theory and . . . therefore caught the assembled profession by sur- 
prise.’ But this apparently unequivocal characterization of unex- 
pected discoveries calls for three points of qualification. 


inevitably does lead to the isolation and recognition of anomaly” (1963a, p. 365). But 
his claim here is rather that normal science necessarily runs into significant anomalies 
only where there are actually some to be discovered. 

28. 1959a, ET p. 234; similarly SSR, p. 52. 

29. 1962d, ET p. 173; similarly 1959a, ET p. 235; 1961a, ET p. 203; SSR, pp. 5-6, 
57, 166; 1963a, pp. 366, 368. 

30. SSR, pp. 52, 66. 

31. See SSR, chap. 6, and 1962d for examples. 

32. Compare § 5.2.c. 

33. 1962d, ET p. 166; similarly SSR, p. 52; 1963a, p. 365. 
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First of all, if nonpredictability by accepted theory is cited as one 
feature of unexpected discoveries, this should not be taken to suggest 
that the discovered phenomena can’t, in principle, be subsumed under 
the symbolic generalizations of accepted theory.“ “Accepted theory” 
rather refers to these symbolic generalizations along with the meanings 
of concepts mediated by exemplary problem solutions, as well as to 
theoretical and experimental standard operational procedures.® Ac- 
cordingly, a discovery may be unexpected on the grounds that it con- 
flicts with expectations implicitly contained in current experimental 
procedures.*® All experimental procedures must obviously contain a 
great number of explicit and implicit expectations about the attributes 
of entities that exist, and about the nonexistence of others. And so if a 
discovery collides with the expectations of normal science, it is revolu- 
tionary in Kuhn’s sense, for it demands the correction of prior knowl- 
edge and isn’t simply the cumulative acquisition of new.*’ Such correc- 
tion may—as happened with the discovery of X-rays—affect only the 
standard experimental procedures, without necessitating any change in 
the formal portion of accepted theory, the symbolic generalizations.*® 

Second, talk of surprising the ‘‘assembled profession”’ primarily 
concerns the community of specialists actually working in the relevant 
field. For members of other communities, whether neighboring com- 
munities or others belonging to the larger community which includes 
that of the specialists, the discovery need not be revolutionary.” Where 
specialists, given their particular experimental procedures; have certain 
expectations, members of other communities may have none. For the 
outsider, then, the discovery so revolutionary for the specialist may, 
in fact, be cumulative. 

Third, first impressions to the contrary, the distinction between 
expected (normal-scientific) and unexpected (revolutionary) discoveries 
isn’t a strict dichotomy.*° For one, there’s a fluid transition between 
the expected and the surprising. Furthermore, the epistemic state of 
members may vary so much over the community that what was ex- 
pected for one surprises another. 

Unexpected discoveries begin with an anomaly’s taking on the 


34. Compare § 4.3.a. 

35. SSR, pp. 58-61, 96-97; 1962d, ET pp. 173-177. 

36. Compare § 5.2.a. 

37. Compare § 6.1. 

38. SSR, pp. 7, 58-59; 1962d, ET pp. 175-176. 

39. SSR, pp. 49-50, 52, 61, 92-93; 1962d, ET p. 175; 1963a, p. 364; 1970b, pp. 
251-253; 1970c, SSR pp. 180-181. 

40. SSR, p. 62; 1962d, ET p. 167 n. 3. 
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character of a significant anomaly.*! Following its discovery, the sig- 
nificant anomaly must be understood, which is only possible when the 
expectations that made the relevant phenomenon into an anomaly have 
been abandoned. Gaining understanding is a process that necessarily 
takes a certain amount of time, time in which to reflect over precisely 
which expectations of normal science must be given up and which new 
expectations ought to take their place. For this reason, unexpected 
discoveries can’t be precisely dated, nor do they often have any individ- 
ual discoverer.” This latter condition holds when the analysis of an 
anomaly is carried out by more than one scientist. 

Once an understanding of the anomaly has been gained, and the 
former anomaly has become expected, a revolutionary episode of scien- 
tific development, in Kuhn’s sense, is immanent.** For what has oc- 
curred isn’t some normal-scientific addition to the prior store of knowl- 
edge but rather a replacement of part of this store with new, 
incompatible knowledge. 


7.3. The Triggering of Revolutions in Theory 


Like unexpected discoveries, revolutions in theory are triggered by 
anomalies. These anomalies here lead to a state of affairs markedly 
different from normal science: crisis (§ 7.3.a). Research practice in times 
of crisis is called extraordinary science, to be discussed in § 7.3.b. 


a. Anomalies and Crisis 


Revolutions of the sort in which a theory isn’t just modified but 1s 
rather overturned and replaced by a new one begin, like unexpected 
discoveries, with the appearance of significant anomalies.” These 


41. On this point, Kuhn seems to vacillate a bit in his writings. While he usually 
claims that unexpected discoveries always start with anomalies (SSR, pp. 52-53, 62, 64, 
96; 1962d, ET p. 174; 1963a, pp. 365-366), he sometimes leaves open the possibility that 
they might occur, albeit rarely, without a positive expectation’s first being disappointed. 
For example, he asserts, “Cumulative acquisition of unanticipated novelties proves to be 
an almost non-existent exception to the rule of scientific development” (SSR, p. 96, 
emphasis mine). But Kuhn appears to retract this statement at the bottom of p. 96. 
—Also cf. 1963a, p. 349. 

42. 1959a, ET pp. 226-227; SSR, pp. 7, 53, 62, 64, 66; 1962d, pp. 174-177. 

43. SSR, pp. 2, 52-53, 54-56, 57-58; 1962d, ET pp. 166, 171, 173, 174, 176-177. 

44. SSR, pp. 53, 66. 

45. 1959a, ET pp. 234-235; 1961a, ET pp. 203-204, 208-211, 221; SSR, pp. ix, 
67-68, 79, 97, 144, 145, 152, 153; 1963a, pp. 366-368; 1964, ET p. 262; 1970a, ET pp. 
267, 273. 
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anomalies call the foundations of accepted theory into question. Distin- 
guishing this phase from the state of affairs in normal science, Kuhn 
calls this situation the “abnormal situation,” “crisis state,” or, most 
often, “crisis.” ** This situation is characteristically a time “when re- 
search projects go consistently astray and when no usual techniques 
seem quite to restore them.”’’*” In this situation, it’s clear that normal 
science can’t continue as before. An innovation is needed,*® for ‘“‘the 
traditional rules of normal science . . . no longer define a playable 
game.” The natural inference, then, is that “something has gone 
wrong with existing knowledge and beliefs.”*? This admission pro- 
duces “pronounced professional insecurity’’*! in the scientific commu- 
nity. Such insecurity is sometimes revealed by scientists’ open dissatis- 
faction with previously accepted theory, dissatisfaction grounded in the 
theory’s inability to further guide productive research.” 

In order to ward off misunderstandings, it should be insisted that 
three claims, in particular, are not implied in this characterization of 
the crisis state. First, it’s by no means claimed that every generally 
recognized anomaly necessarily leads to a crisis.°* Even when such an 
anomaly casts doubt on the governing regulations, it need not trigger 
a crisis so long as it poses no obstacle to the treatment of other sorts 
of problems within normal science. Second, it’s by no means claimed 
that all members of a community will perceive a crisis in the same 
way. On the contrary, it may happen that two scientists 


% 
reach different judgements in concrete cases, one man seeing a 
cause of crisis where another sees only evidence of limited talent 


for research.™* 


46. 1961a, ET pp. 202-204, 206-211, 221-222; SSR, pp. ix, 61, chap. 7, and chap. 
8; 1963a, pp. 367-368. 

47, 1961a, ET p. 202, similarly p. 221; SSR, pp. ix, 5-6, 67-68, 69, 74-75, 145, 
153; 1963a, p. 367; 1970a, ET pp. 267, 273; 1970b, p. 257. 

48. 1969c, ET p. 350. 

49. SSR, p. 90, similarly pp. 76, 85-86; 1963a, pp. 349, 365; 1970a, ET p. 281; 
1970b, p. 247; 1980a, p. 190. 

50. 1959a, ET p. 235; similarly 1961a, ET p. 203; SSR, pp. 6, 92, 93, 114, 153, 166; 
1963a, pp. 367-368; 1970a, p. 273; 1970b, p. 247; 1970c, SSR, p. 181; 1980a, p. 190 
n. 1. 

51. SSR, pp. 67-68. 

52. SSR, pp. 83-84; 1964, ET pp. 262-263. 

53. SSR, pp. 81-82. —The examples Kuhn uses here, the Newtonian theoretical 
values for the speed of sound and the precession of Mercury’s perihelion, are, however, 
differently and incompatibly interpreted at 1961a, ET pp. 203-204. I will return to this 
issue in § 7.3.b, where I discuss the ways in which crises may come to an end. 

54. 1970b, p. 248; similarly 1961a, ET pp. 202, 206; 1970c, SSR, p. 185. —Kuhn 
appears to contradict this statement in 1970c, SSR p. 181, where he speaks of crisis as 
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The reason for such disagreement is that the attestation of a crisis is a 
form of theory evaluation, and given the peculiarity of scientific value 
systems, theory evaluations need not be unanimous.® Third, nothing 
in the concept of a crisis implies that the crisis state itself need be 
entirely transparent to members of the community.*° What may occur 
instead, Kuhn suggests, is that a community drifts into a crisis state 
that, though an external observer might recognize it as such by its 
characteristic symptoms, only gradually penetrates the consciousness 
of the participants. 

Before I turn, in the next subsection, to the research practice typical 
of the crisis state, one controversial thesis of Kuhn’s, put forth in SSR 
and other work composed around the same time, ought to be dis- 
cussed. This thesis asserts that all revolutions in theory are initiated by 
crises, crises triggered, in turn, by the appearance of significant anoma- 
lies in the relevant fields.°” The validity of this general claim is thought 
to be evidenced, for one, by the history of science. In addition, the fact 
that, in the course of a revolution in theory, a theory that served as the 
basis for a (more or less extended) period of normal science must be 
abandoned is also thought to substantiate this claim. For how might it 
happen that confidence in this older theory wanes and vanishes, making 
room for confidence in some new theory? This process can only be set 
in motion if those reasons that argued for confidence in the older the- 
ory”® cease to be convincing; “‘Nature itself must first undermine pro- 
fessional security by making prior achievements seem problematic.” 
We recall that the reasons for confidence in the older theory leaned 
heavily on its sanctioning of puzzle-solving science, an ability it no 
longer has in times of crisis. 

The thesis that all revolutions in theory are initiated by crises, 
triggered in turn by the appearance of significant anomalies in the rele- 
vant field, has, subsequent to being met with criticism,® been some- 
what weakened.®! Kuhn remains, as before, convinced that crises are 
usually the prelude to revolution, but he acknowledges that revolutions 


‘the common awareness that something has gone wrong” (emphasis mine). This strikes 
me as merely a somewhat negligent, abbreviated formulation. 

55. Compare § 4.3.c. 

56. SSR, pp. 84, 86. 

57. 1959a, ET pp. 234-235; 1961a, ET pp. 206-209; SSR, pp. 67-68, 74-76, 77, 
85-86, 92, 145, 158, 169; 1963a, pp. 349, 365; 1964, ET p. 263. 

58. Compare §§ 5.1, 5.5.b, 5.6, and 7.4.b. 

59. SSR, p. 169. 

60. E.g. Curd 1984, pp. 9-10, Cohen 1985, p. 27; Hérz 1988, p. 86; Mandelbaum 
1977, pp. 446-447; Watkins 1970, pp. 30-31. 

61. 1970c, SSR, p. 181; ET p. xvii; 1980a, p. 190 n. 1. 
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might also, albeit rarely, get started in other ways. A further modifica- 
tion of the thesis consists in the concession that a crisis need not be 
triggered by anomalies within the field at issue. Crisis might rather be 
imported through the results of other communities. 


b. Research in Times of Crisis: Extraordinary Science 


Crises may vary significantly both in the number of scientists they 
affect and in their duration. In one limiting case a crisis might affect 
only a single scientist’s work, while in the other it affects the entire 
professional community. Most often, crises appear in particular special- 
izations and occupy the relevant specialists. Similarly, crises may vary 
along a time scale, ending quickly or lasting a long time. When a 
crisis affects a given field of research, research practice in that field 
changes progressively by comparison with normal science. Kuhn calls 
this altered practice “extraordinary science” or “science in the crisis 
state,’ 

The chief research topics of extraordinary science, naturally 
enough, are the significant anomalies which triggered the crisis. But 
where normal science presupposes certain regulations in problem solv- 
ing, prior regulations, and especially the former governing theory, are 
open to dispute in extraordinary science. This doesn’t mean that these 
regulations are completely suspended from one day tg the next. But 
because the prior regulations have led to crisis, their collective validity 
can no longer be taken for granted. The task of extraordinary research 
is then to change the regulations in such a Way as to preserve as many 
previously attained problem solutions as possible, on the one hand, 
while dissolving those stubborn anomalies which triggered the crisis, 
on the other. 

Extraordinary science may be identified above all by the following 
four symptoms, which need not all occur together.” The first symp- 
tom (cited in the last subsection) is openly voiced dissatisfaction with 
the previous governing theory’s aptitude. The second symptom is the 
continued use of old regulations for problem solving but, as the crisis 
situation persists, in increasingly modified and supplemented forms.” 


62. 1961a, ET p. 203. 

63. I will discuss the question of how crises end later in this section. 

64. 1961a, ET p. 202; SSR, pp. 6, 82, 86, 87, 89, 91, 101, 154; 1970a, ET p. 272. 

65. SSR, pp. 82-83, 86-87, 88, 152; 1964, ET pp. 262-263; also 1961, ET pp. 
209-211, 

66. SSR, p. 91; 1964, ET p. 263. 

67. SSR, pp. 61, 70-71, 74, 75, 80, 83, 84, 86, 86-87, 89, 154; 1963a, p. 367; 1970b, 
p. 257; 1970c, SSR, p. 181. 
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The readiness to soften regulations which have held up to now natu- 
rally arises out of the awareness that something is wrong with them. 
Some of these modifications and additions—and the longer the crisis, 
the more of them there are—are ad hoc; they are geared only toward 
a single problem and thus appear rather arbitrary. In addition, new, 
speculative theories are often coined in hopes of finding the way to a 
new normal science. These speculative theories are tested on their ca- 
pacity to solve the known anomalies. Throughout the period, there is 
no consensus over either the proposed modifications of and additions 
to the old theory or the proposed replacement theories. 

A third symptom of extraordinary science is the scientists’ willing- 
ness to try many things whose results can be predicted only vaguely, 
if at all.® In particular, experiments are carried out without any precise 
expectations regarding their results. Such experiments serve the pur- 
pose of gathering data toward the more precise localization of the 
sources of anomalies. One frequent consequence of this strategy is new 
discoveries that can’t be made compatible with previous theory and are 
thus important in the development of further theories. 

Fourth, extraordinary science may be recognized by its recourse 
to philosophical analyses of the foundations of the previous research 
tradition. This strategy amounts, above all, to an attempt to make 
previously implicit regulations explicit for purposes of testing them.” 
Thought experiments may play a great role in the conceptual penetra- 
tion of a given theory, since they are capable of teasing out the theory’s 
implications with greater clarity than is possible in actual experimental 
studies. 

All of these symptoms make it obvious that extraordinary science 
exhibits certain similarities with prenormal science.”’ The fact that ex- 
traordinary science, too, may witness the formation of schools with 
competing approaches also contributes to this similarity. But the differ- 
ences between prenormal and extraordinary science, differences deriv- 
ing from the fact that extraordinary science is preceded by normal 
science, also deserve notice. The prior existence of normal science 
means that there are already broad domains of specialized knowledge, 
including the requisite vocabulary and established techniques of the 
most diverse varieties. But above all else, in extraordinary science, by 
contrast with prenormal science, it’s clear which central problems must 
be solved: the significant anomalies which brought on the crisis in the 
first place. These provide a relatively well defined focus for research 
activities and the clash of the schools. By comparison, prenormal sci- 


68. 1961a, ET p. 203; SSR, pp. 61, 87, 88-89; 1963a, p. 367. 
69. SSR, p.88; 1964, ET pp. 262-265. 
70. SSR, pp. 61, 72, 84, 101, 112, 149. —Compare § 5.5.b. 
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ence is substantially more diffuse. For in this phase there is little special- 
ized or universally accepted knowledge and no sure guide to the funda- 
mental problems which must be solved. 

Here we might ask how the substantial consensus of normal science 
might ever come to dissolve in extraordinary science. The reason is 
that, even in normal science, consensus isn’t total. There are rather sig- 
nificant epistemic differences between members of a community en- 
gaging in normal science. Despite their unequivocal use of central sci- 
entific concepts, there may be individual differences in the criteria 
members apply in identifying referents and nonreferents of these con- 
cepts.’! Despite general agreement over scientific values, such values 
remain open to individual shaping.” And despite the communal prac- 
tice of normal science, the degree of inner distance from the governing 
regulations is also subject to individual difference.” 

All such individual differences are practically invisible throughout 
the phase of normal science. But once significant anomalies appear, 
unexpected situations that seem impossible to surmount within the 
bounds of previously successful practice, these differences rise to the 
surface. Different criteria for concept use may make the current diffi- 
culties appear differently caused;”* differently molded values may lead 
to different evaluations of competing theories; and differential identifi- 
cation with the previously reigning theory may result in differential 
readiness to abandon it. Dissent in extraordinary science is thus the 
manifestation of differences that exist in normal sciencé, but only in 
latent form. 

How may crises end, or, posed differently, under what circum- 
stances may a community find its way back to the consensual work of 
normal science? This can only happen in one of three ways.” First, 
concerted efforts may, notwithstanding expectations by some members 
of the community to the contrary, cause an anomaly to vanish within 
the bounds of valid regulations. The second possible way of ending a 
crisis doesn’t occur too often, but may also be found in the history of 
science. It consists in acknowledging the anomalies as such and re- 
turning to the work of normal science.” This possibility is open only 


71. Compare § 3.6.d. 

72. Compare § 4.3.c, along with §§ 7.4.b and 7.4.c below. 

73. Compare § 5.5.a. 

74, 1989a, p. 21; 1990, p. 307. 

75. 1961a, ET pp. 203-204; SSR, p. 84. In the first edition of SSR, Kuhn cites 
revolution in theory as the only way of ending a crisis (p. 84), while in the second edition 
this is only one of three possibilities. 

76. The examples Kuhn cites at 1961a, ET pp. 203-204 for this way of ending a 
crisis (none are cited in SSR), the Newtonian theoretical values for the speed of sound 
and the precession of Mercury’s perihelion are used in SSR, p. 81, as examples of 
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when the known anomaly (or anomalies) doesn’t (or don’t) pose an 
obstacle to normal-scientific work on problems other than the anoma- 
lous ones. The third way of ending a crisis consists in a revolution in 
theory, in which the theory which led to the crisis of normal science 
is replaced by a new one. 

But where does this new theory come from? In many cases, the 
foundations of the new theory were laid before the crisis but received 
little or no attention.”” Only a crisis which shows that something is 
fundamentally amiss with the established theory suffices to awaken 
interest in such alternatives. In other cases, the new theory is developed 
during the crisis as a potential avenue of escape,” thus providing evi- 
dence for the “‘creative function” of crises.”” The innovators are often 
people new to the field on account of either their youth or some change 
in their field of study.8° Such people are more inclined to tread new 
paths than scientists whose reputations are based on achievements 
within the bounds of the old theory. 


7.4 Theory Comparison and Theory Choice 


For several reasons, the process of theory replacement is not without 
problems. In order to explicate this point, we will begin by discussing 
why a new theory must succeed in competition with other theories 
(§ 7.4.a). Next we must ask what sorts of reasons play a role in theory 
choice (§ 7.4.b). Finally, we will consider Kuhn’s attack on the distinc- 
tion between the context of discovery and the context of justification 
(§ 7.4.c). 


a. Theory Comparison, Not Theory Falsification 


The need for deciding between (at least)*' two different theories instead 
of simply choosing or refusing a theory on the basis of its potential 


anomalies that didn’t trigger crises, because “apparently neither had seemed sufficiently 
fundamental to evoke the malaise that goes with crisis” (SSR, pp. 81-82). This vacillation 
in Kuhn’s judgement of whether these cases made crisis immanent suggests that differ- 
ence of opinion over the presence of a crisis in a given field isn’t limited to participating 
scientists but also affects the historians who examine such episodes. 

77. SSR, pp. 75-76, 86, 97. 

78. SSR, pp. 75, 154. 

79, 1970b, p 258. 

80. 1961a, ET p. 208 n. 44; SSR, pp. 90, 133, 144, 151, 166. 

81. For simplicity’s sake alone, I will limit myself in the following discussion to the 
situation in which a community faces a choice between only two theories. Of course it’s 
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arises, according to Kuhn, from the fact that a theory in crisis doesn’t 
count simply as falsified.** As Kuhn understands it, the falsification of 
a given theory means that, on grounds of its demonstrated empirical 
falsity, the theory is no longer used in scientific practice. Crisis may, 
of course, lead to a situation in which the scientists in the affected 
community “begin to lose faith [in the previously governing theory] 
and then to consider alternatives.” But this doesn’t mean that all work 
is henceforth conducted without the theory in crisis or that a new 
theory arises as the basis of a new phase of normal science given only 
the results of its comparison with empirical findings. The contrary is 
shown, so Kuhn claims, by the history of science: 


No process yet disclosed by the historical study of scientific devel- 
opment at all resembles the methodological stereotype of falsifi- 
cation by direct comparison with nature.** 


But we mustn’t remain content with historical fact. The historical ab- 
sence of any theory falsification (in the sense given above) can rather 
be explained in a way that lends it an inexorable character.® Here Kuhn 
offers two arguments. 

The first argument begins with a thesis which itself requires further 
justification. By the time a theory that was once the foundation for a 
tradition of normal science has reached a crisis, it’s impossible to do 
without it in the phase of extraordinary science. A scienti§t who abso- 
lutely refused to continue using a theory on account of the significant 
anomalies that plague it would be forced, for two reasons, to stop 
doing science.* 

The first reason is that the theory in crisis must still be used in 
identifying the problems that extraordinary research must face. Its store 
of previously solved problems places decisive demands on possible 
competing theories;*’ significant anomalies, the very focus of extraordi- 
nary research, only exist relative to the theory in crisis.** To stop using 
a falsified theory in times of crisis would mean a return to the state 
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science was in before the theory was established, a return which doesn’t 
happen in extraordinary science. 


In addition, the world-constitutive function of a theory in crisis 
necessitates the theory’s further use; 


Once a first paradigm through which to view nature has been 
found, there is no such thing as research in the absence of any 


paradigm.” 


Kuhn here appears to be operating under the assumption that an order- 
ing of some region of the world gained by means of similarity relations 
can’t simply be abandoned without replacement.”’ While crisis may 
relax the injunction to use this particular ordering, crisis can’t lead to 
its rejection without some alternative that may be used in its place. 

But the inexorable need to continue using a theory in crisis doesn’t 
immediately entail Kuhn’s claim that theory comparison is unavoid- 
able. Theoretically, it might be the case that, though the retention of 
the old theory is necessary for the research practice of extraordinary 
science, the evaluation of new theory candidates need not involve com- 
parison. But in fact, in order to gain universal acceptance by the com- 
munity, a new theory must be measured according to the achievements 
of the old; it must exceed them. This is the second argument against 
theory falsification, and its argumentative weight derives from the par- 
ticular kinds of reasons which play a role in theory choice. I will return 
to these reasons in § 7.4.b. 

First, however, I shall attempt to explain the difference between 
Popper’s and Kuhn’s positions on theory falsification. Kuhn diagnoses 
the difference between himself and Popper on this issue as residing in 
the distinction between normal and extraordinary science, a distinction 
that Popper doesn’t make.” This diagnosis is entirely correct, but its 
correctness derives in turn from a difference in Popper’s and Kuhn’s 
basic epistemological-ontological assumptions. While, for Popper, ab- 
solute or purely object-sided reality is, in principle, knowable (in a 


89. Put in Hegelian terms, the new theory must be a determinate negation of the old. 
The old is thus indispensable until the new is actually in hand (see Hegel, Phenomenology 
of Spirit, Hegel’s Works, vol. 3, p. 74). 
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certain sense), for Kuhn, the reality accessible to us is always steeped 
in genetically subject-sided, essentially variable moments, moments 
that may in no way be (reflectively) subtracted.” Consequently, for 
Popper, a theory’s task is to capture and represent purely object-sided 
reality. Though we may never hope to accomplish this task conclu- 
sively, we may still continually improve our attempts. A theory must 
be improved or discarded as soon as its differences with (empirically 
captured) reality reveal themselves. For Kuhn, by contrast, a theory’s 
task can’t consist in the representation of purely object-sided reality, as 
this task is unfulfillable. Instead, theories participate in the constitution 
of what the given community takes to be, and experiences as, reality. 
But the constitution of reality, or of the world, is most definitely not 
arbitrary, since the object-sided moments which contribute to a phe- 
nomenal world offer resistance (whose nature is indeterminable by us). 
And so a theory, though coconstitutive of the same phenomenal world 
it represents, may still run afoul of empirical difficulties.°* When this 
happens, the theory can’t simply be abandoned, for this would amount 
to the (impossible) abandonment without replacement of the ordering 
of the phenomenal world gleaned from this theory. Instead, those simi- 
larity relations which refuse to harmonize with the resistance of the 
purely object-sided must be corrected or replaced. This correction or 
replacement is precisely what occurs in a scientific revolution.® 


9 


b. The Reasons behind Theory Choice 


An inquiry into the reasons underlying theory choice must distinguish 
three questions—the neglect of this distinction has led to serious misun- 
derstandings of Kuhn’s position.” First, we might ask after the reasons 
relevant to the very first adherents of a new theory. Second, we might 
ask what sorts of reasons are generated while working on the new 
theory, such that they eventually bring more and more members of 
the community to adopt it. And third, we might ask which reasons 
prove decisive in the choice of an entire community. After addressing 
each of these questions, I will turn, in a fourth point, to consider the 
argumentative weight of the reasons canvassed. 


1, What reasons guide the very first adherents of a new theory in 
their decision to articulate it and flesh it out? One negative reason is 
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the crisis of the older theory.”’ But in positive terms, especially as 
regards its demonstrated problem-solving capacity, any new theory 
must initially be entirely inferior to the old. In its early stages, the new 
theory may not even succeed in coping with the significant anomalies 
that led to the crisis of the old.” In this case, the individual decision to 
work with the new theory can only be made on the basis of “faith.”’ 
For someone facing this decision 


must... have faith that the new paradigm will succeed with the 
many large problems that confront it, knowing only that the 
older paradigm has failed with a few.” 


As for the nature of such faith, 


There must also be a basis, though it need be neither rational nor 
ultimately correct, for faith in the particular candidate chosen. ! 


This is one of the few passages in Kuhn’s work where the possible 
absence of rationality in theory choice is explicitly discussed, and it is 
thus doubtless one source for the common accusation that, for Kuhn, 
theory choice, hence science as a whole, is an irrational enterprise. 
Kuhn has emphatically rejected this charge,'®' a charge for which the 
passage cited above really offers no evidence. For this passage explicitly 
refers to the motives of the very first adherents of the new theory, not 
to the reasons that weigh in the actual decision by an entire scientific 
community. Yet it is these latter reasons that determine the rationality 
of theory choice. The reasons that prompt the first supporters of a new 
theory to make their choice may, indeed, be of dubious rationality.’ 
But whether a new theory is capable of attracting further adherents, 
and eventually convincing the entire community, depends on the argu- 
ments these first adherents produce in fleshing out the theory. 

The work done by a new theory’s first supporters— whatever their 
motives—is, of course, of potentially great importance to scientific 
development. For any theory that is eventually to gain universal accep- 
tance must find its first adherents, even if its later success isn’t yet 
apparent. 
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2. The reasons that motivate a new theory’s first adherents may 
be distinguished, albeit not rigidly, from those that adherents to the 
theory develop and adduce in the course of extraordinary science. Such 
reasons are coconstituted by the scientific values that form a substantial 
component of consensus within the community.'” For it’s on the basis 
of such values that the various candidates for the position of future 
research-governing theory are comparatively evaluated. 

Theories are, for the most part, evaluated on their suitedness to 
the task for which they are intended, the solution of as many research 
problems as possible, as accurately as possible.'°* This evaluation has 
three dimensions. First, and most importantly, the candidate must be 
able to cope with the problems that brought on the crisis. If a new 
theory accomplishes this task with substantially greater accuracy than 
its older competitor, this success argues strongly for the selection of 
the new theory. Second, a new theory must be able to solve at least a 
large portion of the problems solved by the older theory with compara- 
ble (or greater) accuracy. Its paths to these solutions may, however, 
be substantially different from those previously accepted. What also 
argues for the problem-solving capacity of a new theory is, third, its 
ability to predict phenomena that, from the perspective of the older 
theory, are unexpected. 

In addition to this evaluation of problem-solving capacity, other 
values also play a role, described by Kuhn as that of “‘more subjective 
and aesthetic considerations””!°—‘“the new theory is said to be ‘neater,’ 
‘more suitable,’ or ‘simpler’ than the old.’’'° The role played by these 
values is significant, especially because the problem solutions already 
attained by a theory aren’t sufficient to compel a positive decision.'” 
For the theory is also supposed to guide future research in a productive 
way. The problems a new theory has already solved naturally also argue 
for its future capabilities. But, in addition, aesthetic considerations may 
help nurture hope for the future fruitfulness of the new theory. 

Throughout the phase of extraordinary science, competing theories 
are differently evaluated by different members of the community, de- 
spite the set of common scientific values that govern all such deci- 
sions.'*8 This difference has two primary sources. First, in evaluating 
the problem-solving capacities of competing theories, the difficulty 
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arises that neither the catalog of problems to be solved, nor their impor- 
tance, nor the standards for their successful solution can be evaluated in 
a manner entirely independent of the theories at issue.’ Accordingly, 
assessments of the problem-solving capacities of both theories may 
vary, depending on which theory serves as the point of departure for 
this assessment. !!° Furthermore, individually variable moments always 
contribute to the evaluation of theories by means of scientific values; 
for values may be differently interpreted and differently weighted. !!! 


3. In time, dissent on theory choice may dissipate, as the number 
and variety of arguments in favor of the new theory steadily increases. 
However the individual community member shapes communal values, 
the new theory now cuts a better figure in comparative theory evalua- 
tion. And so, after a time, most if not all members of the community 
will engage in normal science under the guidance of the new regula- 
tions. In light of this conclusion, we must consider which reasons 
ultimately compelled the community’s decision. !! 

To begin with, those aesthetic factors which may, as described 
above, play a role in an individual decision in favor of a new theory 
don’t weigh in the community’s decision. As early as SSR, Kuhn is 
quite unequivocal here; 


[The aesthetic appeal of theories to individuals] is not to suggest 
that new paradigms triumph ultimately through some mystical 
aesthetic. On the contrary, very few men desert a theory for these 
reasons alone.’ 


Instead, arguments based on the new theory’s problem-solving capac- 
ity are what prove compelling.''* Only if the new theory can cope with 
at least some of the significant anomalies which brought on the crisis, 
and only if it can also solve a large proportion of the problems the old 
theory solved in its own way, can the new theory pervade the entire 
community. 

But arguments for the problem-solving capacity of the new theory 
are based on the values accepted in the relevant community. To be 
sure, each member of the community shapes communal values in his 
or her own way, and so the individual grounds for choice aren’t uni- 
form. But if (more or less) all members of the community still make the 
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same choice in the end, despite individual differences in their shaping of 
values, then these communal values are what determine the outcome 
of the community’s choice. 


4. Even if (more or less) the entire community decides in favor of 
the new theory, this choice still isn’t, on the individual level, as rigor- 
ously justifiable as a mathematical proof.’ The rigorous proof of a 
given proposition is only possible given the availability of a number 
of premises and of inference rules sufficient for the deduction of the 
desired conclusion from the premises by means of them. What would 
correspond to the satisfaction of this condition in comparative theory 
choice? Here, above all, the successful applications of theory serve as 
premises, and scientific values sanction the inference to a conclusion, 
the preferential choice of one theory over the other. Let us examine 
these premises and inference “‘rules”’ a little more closely. 

Despite the two theories’ incommensurability, some of their em- 
pirical applications, those in which the incommensurable concepts 
don’t occur, can be compared relatively unproblematically.'!° Such ap- 
plications of theory are the premises shared by both parties; they in- 
clude, for example, statements of the form: Where theory T, predicts 
value e, for quantity E, theory T, predicts value e, (or fails to make 
any prediction at all). Such statements are the unproblematic premises 
of comparative theory evaluation; if both parties assess quantitative 
accuracy in the same way, and if, for example, e, is, empirically, the 
more accurate value, then both parties will agree to take this as evidence 
for T,. But there may also be problems that don’t occur in Ty at all, 
whose solution by T;, is thus of no interest from the perspective of T). 
In addition, given incommensurability, there are, for example, applica- 
tions of T, that can’t be accurately articulated in the vocabulary of T>. 
While, for someone seeking to defend T,, such propositions aren’t 
relevant premises for theory evaluation, the proponent of T, will in- 
deed take them as relevant. So the set of propositions used as premises 
for theory evaluation by the proponent of T, won’t be identical with 
the set of premises used by the proponent of T,. There is thus no 
agreement on which premises should be used in theory evaluation. 

The inference “rules” of comparative theory evaluation are also 
substantially different from those employed in mathematics or logic, 
for they don’t sanction any absolutely compelling inferences. On the 
contrary, different individuals may, with respect to their shared prem- 
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ises, differ in their concrete theory evaluations, since individual shaping 
plays a role in their application of communal values. 

When Kuhn expresses the dissimilarity between comparative the- 
ory evaluation and rigorous proof by claiming that theory choice “‘can 
never be unequivocally settled by logic and experiment alone,”’'’” he 
by no means wishes to assert that logic and empirical findings are 
irrelevant to theory choice.''® Of course logic and experiment play an 
important role, but they don’t have the power to determine a decision 
rigorously. 

If a theory cannot be subject to strict refutation, an adherent of the 
older theory may thus retain “the assurance that the older paradigm 
will ultimately solve all of its problems.’’'’? Resistance to theoretical 
innovation—a phenomenon very familiar from the history of sci- 
ence'*°_thus can’t be interpreted simply as a human failing.'*! The 
same faith in the governing theory is rather what makes normal science 
possible, along with the thoroughness, depth, and accuracy of that 
practice and the unequivocal progress which results.'” Insistence on 
the old theory also leads to the close inspection of its entire potential, 
so that the old theory is only given up if it really copes with anomalies 
less well than competing theories do. 

But this interpretation of resistance to innovation shouldn’t be 
taken to imply that insistence on an old theory is just as reasonable as 
the decision in favor of a new one. The set of empirical arguments in 
favor of the new theory may become so overwhelming that further 
insistence on the old theory can only be described as “stubborn,” “pig- 
headed,” or “‘unreasonable.”!”* But since the arguments in favor of a 
new theory may gain force more or less continuously without ever 
becoming absolutely compelling, there is no specific ‘‘point at which 
resistance becomes illogical or unscientific.” !** It follows that, like un- 
expected discoveries, revolutions in which one theory is replaced by a 
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novel one aren’t instantaneous events in which the scientific commu- 
nity changes theories in one fell swoop; 


Rather than a single group conversion, what occurs [in revolu- 
tions] is an increasing shift in the distribution of professional alle- 
giances, !* 


¢. Context of Discovery and Context of Justification 


Kuhn’s analysis of the reasons behind theory choice apparently stands 
in sharp contrast to that entailed by a distinction fundamental to pre- 
Kuhnian philosophy of science, the distinction between context of dis- 
covery and context of justification.'*° According to the context distinc 
tion, as I shall call it, while a diverse range of subjective factors is 
relevant to scientific development, their relevance involves only the 
actual conditions of discovery. As regards the justification of scientific 
knowledge, however, only such strictly intersubjective means as de- 
ductive or inductive logic and certain intersubjective ‘‘elementary ob- 
servation sentences”’ are legitimate. 

By SSR, Kuhn is well aware that his theory is incompatible with 
the then current context distinction.'2” But his explicit and implicit 
criticism of the distinction meets with marked opposition.!28 Kuhn later 
renews and broadens his attack on the context distinction, attempting 
to disarm his opponents. '” His critique of the context distinction may 
be reconstructed as a four-phased attack. 


1. In SSR, Kuhn begins his attack on the context distinction by 
noting that his attempts 


to apply [it], even grosso modo, to the actual situations in which 
knowledge is gained, accepted, and assimilated have made [the 
context distinction] seem extraordinarily problematic. °° 


The suggestion is that the context distinction “does not fit observations 
of scientific life,” !°! in which scientists facing a choice of theories may 
be seen to decide on the basis of individually shaped but communal 
scientific values.'** It follows that individually variable factors play a 
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role even in the (comparative) justification of theories, and not just in 
the factual conditions of discovery, contrary claims on behalf of the 
context distinction notwithstanding. 

But this stage of Kuhn’s attack on the context distinction may be 
dismissed as somewhat beside the point. To be sure, scientists’ deci- 
sions in theory-choice situations may actually work as Kuhn describes 
them. But if so, this fact is irrelevant to the soundness of the context 
distinction. °? For what matters in the context of justification is whether 
decisions are justified. And this question can’t be answered by recourse 
to the history of science, by the description of actual processes of dis- 
covery. 

Still, even if this argument is conceded, the fact that actual science 
doesn’t proceed in the manner deemed reasonable in philosophical re- 
flections ought to give us pause. We find Kuhn asking, rhetorically, at 
the end of his introduction to SSR, 


How could history of science fail to be a source of phenomena 
to which theories about knowledge may legitimately be asked to 
apply?! 

2. In the second stage of his attack on the context distinction, 
Kuhn assumes that the actual presence of individually variable factors 
in the theory choice situation has been conceded. Given this concession, 
one might ask 


whether or not the invocation of the distinction between contexts 
of discovery and of justification provides even a plausible and 
useful idealization.'* 


The context distinction would provide a “plausible and useful idealiza- 
tion” only if the individually variable factors in theory choice were 
““eliminable imperfections.””'’° Kuhn denies that they are and traces the 
origin of this erroneous conviction to the following sources. '*” 

One such source lies in the inadequacies of the old internal histori- 
ography of science.'”* First of all, the examples by which this historio- 
graphic tradition attempts to illustrate the strict intersubjectivity of 
reasons for theory choice, such as the “crucial experiment,”’ usually 
aren’t presented in a historically adequate way. The actual, historically 
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effective arguments were, in part, shaped by individual factors. Fur- 
thermore, the arguments in favor of the theory which, in the end, 
was ruled inferior are usually left out of these later presentations. This 
omission results in an unrealistic simplification of actual theory choice 
situations. 

There is a further, more subtle source for the erroneous assumption 
that theory choice criteria are strictly intersubjective. It begins with the 
observation that many theory-choice controversies have, in the end, 
an unequivocal outcome. But the intersubjectivity of the reasons behind 
such choices can’t be inferred from the intersubjectivity of their out- 
comes. The fact that (more or less) all members of the community 
reach the same decision is entirely compatible with their doing so for 
different reasons. !*” 

Once the influence of such factors is recognized, the insistence of 
Kuhn’s critics that the context distinction, though not the most strictly 
observed norm in scientific practice, is still an idealized description of 
scientific behavior becomes intelligible. The persistent neglect by the 
philosophy of science of the role played by individually variable factors 
in theory choice is thus explained. 


3. But, as Kuhn is well aware, the empirical demonstration of the 
presence of subjective factors in theory choice (point 1), together with 
a genetic explanation of the minimal attention paid them in the philoso- 
phy of science (point 2), isn’t sufficient for an acceptance or rejection 
of the context distinction. What matters here is rather the justified evalu- 
ation of the presence of individually variable factors in theory choice. 
The question is thus whether “these facts of scientific life have philo- 
sophic import’’'*° or whether such factors are ‘“‘an index only of human 
weakness, not at all of the nature of scientific knowledge.’’'*'! These factors 
have “philosophic import” just in case they aren’t simply imperfections 
eliminable in principle but are rather something essential to scientific 
knowledge. What’s at issue is an evaluation of the individually variable 
factors, a decision as to whether these factors are allowed to or perhaps 
even should participate in theory choice. Kuhn will answer this question 
affirmatively. '* 

But from the standpoint of the context distinction, the very ques- 
tion seems to indicate massive confusion, an impression Kuhn antici- 
pates, in SSR, that many readers will be left with.'* For, according to 
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this distinction, only intersubjective means may be employed in the 
context of justification, simply because what matters in this context 1s 
the justification (or critical testing) of knowledge with claims to intersubjec- 
tivity. Anyone who poses the above question appears not to understand 
what the justification of epistemic claims amounts to. In fact, Kuhn’s 
(and other authors’) critique of the context distinction has caused some 
to shrug in puzzlement. Herbert Feigl, for example, was “surprised” 
that such brilliant and knowledgeable scholars as N. R. Hanson, 
Thomas Kuhn, Michel Polanyi, Paul Feyerabend, Sigmund Koch, and 
others hold the distinction of being invalid or at least misleading. '* 

So in order even to be able to ask after the legitimacy or illegiti- 
macy of individually variable factors in theory choice, Kuhn must first 
neutralize the opposing implications of the context distinction. Toward 
this end, his strategy is to expose the context distinction as not philosoph- 
ically neutral, hence needing justification. And so he claims of this and 
similar distinctions, 


Rather than being elementary logical or methodological distinc- 
tions, which would thus be prior to the analysis of scientific 
knowledge, they now seem integral parts of a traditional set of 
substantive answers to the very questions upon which they have 
been deployed.'* 


In other words, the context distinction doesn’t allow the differentiation 
of different perspectives from which to pose meaningful questions 
about scientific knowledge but is rather already part of a particular 
theory of knowledge. The distinction is thus not a condition for the 
possibility of epistemology and the philosophy of science but rather 
part of a particular position in epistemology and the philosophy of science. This 
position and, along with it, the context distinction must be subjected to 
the same strict tests as theories in other fields. '*° 

Though Kuhn never explicitly carries out this testing program in 
SSR or in later work, he appears to be aiming at the following conclu- 
sions. 

The context distinction, in the form familiar to analytic philoso- 
phy, goes back to Popper and Reichenbach.'*’ And in fact it is not 
simply a philosophically neutral distinction between different perspec- 
tives from which to regard knowledge. In truth, the context distinction 
is an agglomeration (or identification) of at least four different distinc- 
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tions.'*® Of primary relevance to us is the context distinction’s implicit 
identification of the distinction between descriptive and normative with the 
distinction between empirical and logical. 

For our purposes, the distinction between descriptive and norma- 
tive amounts to a distinction between two different (metascientific) 
perspectives from which to consider epistemic claims. On the one 
hand, epistemic claims may be described with an eye toward their 
genesis and other accompanying circumstances, while on the other they 
may be evaluated with an eye toward their justification. 

Two points should be noted immediately. First of all, nothing in 
this distinction implies the strict separation of descriptive and norma- 
tive. For example, the correct maintenance of the descriptive perspec- 
tive requires that certain norms be followed, namely those which gov- 
erm accurate description. The descriptive perspective may itself be 
directed at norms, as in attempts to describe them. But following or 
describing norms is still different from evaluating them. Second, the 
distinction between normative and descriptive perspectives does noth- 
ing to determine which means are appropriate to the description or 
evaluation of epistemic claims. The distinction simply amounts to the 
claim that either of the two perspectives may be adopted with respect 
to knowledge, and it leaves entirely open what, precisely, epistemic 
claims consist in or by what criteria they may be evaluated. 

Now, the current context distinction identifies the distinction be- 
tween descriptive and normative with the distinction between empirical 
and logical. This identification is evidenced by the fact that, according 
to the context distinction, the evaluation of theoretical epistemic claims 
has only the methods of formal logic at its disposal (with “elementary 
observation sentences” of some kind as premises), while only empirical 
methods are permissible in the procurement of descriptive facts. But, 
in consequence, a commitment to the current context distinction also 
involves a commitment to a certain basic position on the permissible 
means for the description, and especially the evaluation, of theoretical 
epistemic claims. This basic position is the common ground between 
the two most influential pre-Kuhnian schools in the philosophy of sci- 
ence, logical empiricism and critical rationalism. '*” 

Kuhn’s attack on the context distinction amounts to an attack on 
just this basic position. For Kuhn claims that formal methods are funda- 
mentally insufficient to determine theory choice and that individually 
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shaped communal values ought also to play a role (as they in fact do). 
His attack may thus not be warded off with the simple observation that 
it violates the context distinction, for Kuhn never attacks the seemingly 
philosophically neutral distinction between descriptive and normative. 
What’s at issue is precisely the identification of this distinction with 
that between the empirical and the logical. 

To recapitulate: Kuhn’s project of justifying the presence of indi- 
vidual factors in theory choice is not, as it appears from the perspective 
of the context distinction, self-refuting and confused. Kuhn is rather 
attempting to formulate and argue a thesis which stands in opposition 
to a particular theory, implied by the context distinction, of the legiti- 
mate means for justifying epistemic claims. Whether Kuhn’s thesis or 
the theory implied by the context distinction is right must be decided 
by argument. How, then, does Kuhn argue his normative claim that 
individually variable factors don’t just participate factually in theory 
choice but also ought to participate? 


4. The normative consequences of Kuhn’s philosophy of science 
are fundamentally grounded in the following argument form: 


scientists behave in the following ways; these modes of behaviour 
have (here theory enters) the following essential functions; in the 
absence of an alternate mode that would serve similar functions, sci- 
entists should behave essentially as they do if their concern is to 
improve scientific knowledge.'°° 


In order to apply this argument form to our case, we must ask after 
the essential functions of the individually variable factors in theory 
choice.'°' According to Kuhn, their function is as a “means of spread- 
ing the risk which the introduction or support of novelty always en- 
tails.” '°? By thus spreading the risk, they are “assuring the long-term 
success of [the community’s] enterprise.”'°? The function they fulfill 
thus appears “indispensable.” '* If there were no individually variable 
factors to supplement communal values but rather just binding algo- 
rithms for theory choice, all scientists in a given theory choice situation 
would be forced to reach the same decision. The competition of theo- 
ries would thus be ruled out, along with all scientific controversies, 
where these are understood as controversies between reasonable peo- 
ple. Scientific communities would unanimously opt for a new theory, 
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or for the old one, and would thus be in constant danger of failing 
adequately to develop the potential of one theory or the other. 

Kuhn thus evaluates the individually variable factors in theory 
choice by comparing the consequences of their presence with those of 
their absence, or specifically, with a situation in which theory choice 
is instead determined by algorithms. The result of this evaluation is 
that, with reference to a higher-order goal, the further development of 
scientific knowledge, the presence of individually variable factors in 
theory choice is preferable (if not downright unavoidable). 


5. Should Kuhn’s attack on the context distinction thus be con- 
vincing? I suspect that some of the distinction’s defenders won’t be 
convinced. To be sure, one might object, scientists must, for pragmatic 
reasons, behave in theory choice situations just as they actually do, as 
Kuhn so convincingly demonstrates. But there’s a difference between 
the justification of norms for practically purposeful behavior, on the one 
hand, and a justification or critical test of claims to truth on the other. As 
regards the latter, it’s still not clear how individually variable factors 
could or ought to play a role, for veridical claims are, fundamentally, 
claims to intersubjectivity. And it’s precisely on these grounds, the 
objection concludes, that the context distinction identifies the logical 
with the normative, with good reason. 

This objection is obviously grounded in a different understanding 
of the notion of justification than that which guides Kubn. Kuhn has 
in view the form of justification appealed to by scientists (defensibly, 
Kuhn thinks) in their decisions in theory choice situations: better corre- 
spondence with the facts, successful coping with anomalies, greater 
consistency, and the like. Our objection, by contrast, employs a stan- 
dard of justification appropriate to mathematics and logic: the apodictic 
licensing of claims to truth, by means of shared premises and uncontro- 
versial inference rules. Yet this form of justification is impossible to 
apply to theory choice in the empirical sciences.’ But if this under- 
standing of ‘‘justification” is presupposed, to ask whether a given com- 
munity’s choice of theories in a given historical situation was justified 
or not is to ask the wrong question. For under these conditions, no 
theory choice was ever justified, and science as a whole becomes an 
arbitrary enterprise devoid of any inner rationality. But Kuhn is far 
from branding science an irrational enterprise—on the contrary, 


I do not for a moment believe that science is an intrinsically irra- 
tional enterprise . . . I take this assertion not as a matter of fact, 
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but rather of principle. Scientific behavior, taken as a whole, is 
the best example we have of rationality. '*° 


And so if, from a certain perspective, in this case one which assumes 
a certain concept of justification, science appears irrational, this is sim- 
ply an indicator that something is wrong with the perspective.'°” 


7.5 The Discourse of Theory Choice 


The distinctiveness of the reasons that figure in theory choice, along 
with the incommensurability of the theories under discussion, shapes 
the discourse carried on between proponents of competing theories in 
a very special way. The typical features of this discourse include its 
persuasive character (§ 7.5.a), a certain circularity in its arguments (§ 
7.5.b), the partial character of communication (§ 7.5.c), the necessity 
of translation (§ 7.5.d), and finally the fact that the resulting theory 
choice is really a matter not of choice but of conversion (§ 7.5.e). 


a. Persuasion 


In considering how scientists are brought to attach themselves to a new 
theory, Kuhn talks, in SSR, of “the techniques of persuasive argumen- 
tation,” or simply the “‘techniques of persuasion’’ he sees as playing a 
role in this process.'* This expression has fueled the most grotesque 
misunderstandings of Kuhn’s theory. These misunderstandings were 
further encouraged among Kuhn’s German-speaking readers by the 
frequent rendering, in German translations, of “persuasion” and “per- 
suasive arguments” by “Uberredung’’ and “‘tiberredende Argumentation,” 
respectively.'°”? When we consider the context in which “persuasion” 
occurs in Kuhn’s work, it becomes clear that ““Uberredung,” which 
suggests the absence of any good reasons, hence an arbitrary or haphaz- 
ard nature, is inappropriate. Neither is this misreading of “persuasion” 
limited to the German-speaking world. 

It’s not as if Kuhn introduces his use of ‘“‘persuasion” in SSR with- 
out any explanation. On the contrary, immediately after introducing 
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the term, he makes it clear what’s meant by talking about “techniques 
of persuasion, or about argument and counterargument in a situation 
in which there can be no proof.” The issue here is explicitly one of 
“argument and counterargument,” and accordingly, in later work, 
Kuhn has every right to insist that 


To name persuasion as the scientist’s recourse is not to suggest 
that there are not many good reasons for choosing one theory 
rather than another. '*! 


Kuhn’s notion of persuasion has very often been understood as im- 
plying the absence of any good reasons for theory choice.!©* There can 
be no question of the inappropriateness of this reading.'™ 

“Persuasion” thus refers to a form of discourse which, though 
argumentative, can’t be likened to a form of proof. It lacks the requisite 
number of both common premises and sufficiently strong shared infer- 
ence rules needed for proof.'™ 


b. Circularity 


Closely associated with its status as a form of persuasion, theory choice 
discourse typically manifests certain circularities.!® These circularities 
rose to the surface in our discussion of the argumentative weight of 
various reasons for theory choice.'® At the heart of this circularity is 
the fact that the importance of certain problems and the legitimacy of 
certain solutions can’t be evaluated in isolation from the theories under 
discussion.'©? A problem that may appear extremely important from 
the standpoint of one theory may, from the standpoint of another, 
appear to be of subordinate importance, perhaps even a pseudoprob- 
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lem. The analogous claim holds of problem solutions. Accordingly, 
concrete problem solutions may be quite differently evaluated by two 
parties holding two differing theories, as may the problem-solving 
capacities of their respective theories, “Each group uses its own para- 
digm to argue in that paradigm’s defense.”’'® 

But such circularity doesn’t make the arguments in favor of a the- 
ory unsound, let alone ineffective.’ For by such means a proponent 
of a given theory may, in fact, demonstrate what it means to conduct 
research on the basis of the regulations derived from this theory. To 
be sure, such demonstration presupposes that its audience is willing and 
able to entertain the theory, along with the corresponding phenomenal] 
world. 

It is easy to see that such willingness to entertain a new theory is 
found especially among young people, who aren’t yet committed to 
conducting science in either one of the two candidate ways.'” By con- 
trast with those familiar with the old theory, they lack the almost 
irresistible tendency to see the new theory in light of the old, from 
which perspective the new theory’s potential must appear inferior. 
Novices in any field are thus more easily convinced of the fruitfulness 
of a new theory, even if this fruitfulness is problematic from the per- 
spective of the old theory. Consequently, young people are overrepre- 
sented both among the pioneering innovators and among the very first 
adherents of new theories. '7! 


c. Partial Communication 


A further characteristic of theory-choice discourse closely associated 
with the previous two has also led to numerous misunderstandings: 
“Communication across the revolutionary divide is inevitably par- 
tial.”’'”? As regards the thrust of this thesis, two points must be empha- 
sized. First, the issue in this passage of SSR is explicitly the partial 
nature of comunication between representatives of different theories, 
not the complete breakdown of communication some of Kuhn’s 
critics sought to attribute to him.'” Instead, misunderstandings crop 
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up,'”* opponents “talk through each other,”!75 and “logical contact’ 
between parties to the discourse is incomplete.!” 

In addition, the above passage’s description of communication 
across the revolutionary divide as “inevitably partial” requires interpre- 
tation. Does this mean that the obstacles to communication can’t, in 
principle, be overcome? Kuhn is by no means of this opinion. Problems 
in communication are rather inevitable if and for so long as both parties 
to the conversation continue to argue from incommensurable stand- 
points and fail partly or entirely to understand the standpoint of their 
counterparts. But such obstacles to communication can, in principle, 
be overcome.'” 

What sorts of obstacles to comunication arise out of the incommen- 
surability of the standpoints involved? To begin with, a difference in 
problem fields and standards for solution may pose difficulties for com- 
munication when it comes to the assessment of the problem-solving 
capacities of the two theories, since the arguments for one or the other 
theory’s superiority are, in part, circular.'” Further obstacles to com- 
munication also arise out of meaning change, which is so characteristic 
of revolutions, and out of the attending alteration of that knowledge 
of nature implicitly contained in the changed concepts.'” If the parties 
to communication fail to take note of meaning change, misunder- 
standings naturally follow. But both parties will first have trouble lo- 
calizing these misunderstandings, then diagnosing and finally curing 
them, for the following reasons: 

First, many of the changed concepts retain the same names as be- 
fore.'*° In such cases, changes in the meanings of concepts aren’t 
marked by the employment of new words. And so parties to communi- 
cation will initially attribute their own respective understandings of 
such concepts to their counterparts, erroneously. 

Second, the misunderstandings which result from meaning change 
can’t be eliminated by recourse to the shared definitions of problematic 
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concepts.'*! For, to begin with, there is no language in which such 
explications might be articulated which is neutral with respect to both 
conceptual systems and thus intelligible to both parties; this is assured 
by the incommensurability thesis. Furthermore, there are in general no 
truly adequate explicit definitions of empirical concepts, even within 
the languages employed by the relevant parties. '” 

And third, the knowledge implicit in each conceptual system is, at 
the very least, extremely difficult to explicate accurately.!* First of all, 
such knowledge is more or less taken for granted by the user of a given 
language, and it forms an integral, if hardly conscious, portion of his 
or her world view. In addition, bringing such knowledge to conscious- 
ness calls for decisions regarding its precise scope and other claims, 
decisions that never had to be made before. Finally, the knowledge 
implicitly contained in language vacillates between analytic and syn- 
thetic status, yet another reason why furnishing one’s opponent with 
a reasonably convincing justification of such epistemic claims proves 
problematic. 

So if, as should by no means be taken for granted, the proponents 
of different theories want to get beyond their merely partial communi- 
cation, they must somehow attempt to understand and appropriate 
each other’s languages. The problems which arise in this process may 
be understood, in a first step, as problems of translation. 


d. Translation 


We begin by noting that the concept of translation relevant to our 
current purposes isn’t the narrow, technical concept, on which transla- 
tion involves the systematic replacement of words or word groups in 
the source language by words or word groups in the target language. '** 
For incommensurable theories, this kind of translation is, by definition, 
impossible. What matters here is rather the everyday notion of transla- 
tion, the kind of translation in which an interpretive moment always 
participates and in which the target language is more or less subtly 
changed over the course of translation. 

The participating parties must begin by localizing the concept 
groups and manners of speaking in which obstacles to communication 
arise. I move directly to concept groups because, in general, it isn’t 
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individual concepts that cause problems; a revolution changes the net- 
work of similarity relations responsible for the local holism of lan- 
guage.'*° Once both parties know which concepts are problematic, 
they may call upon their shared everyday and scientific vocabulary 
for help in explaining them. In particular, they may demonstrate the 
situations in which they employ these concepts to their counterparts. 
To be sure, learning currently unintelligible concepts is made more 
difficult by the local holism of language, since some concepts can only 
be understood together. But in time, the members of one group will 
be able to translate (in the everyday sense of ‘“‘translate’’) portions of 
their counterparts’ theory, along with many of its empirical conse- 
quences, into their own language. Such translations may be very com- 
plicated, involve a strong interpretive element, and change the target 
language by introducing new concepts and more or less subtly chang- 
ing the old. But they permit access to further empirical results, to the 
different sorts of explanation sanctioned by the other theory, and, more 
generally, to the alien phenomenal world. The comparison of theories 
thus acquires a broader basis than that provided by those concrete 
empirical results communicable without recourse to translation be- 
tween theories. !%” ' 


e. Conversion, Not Choice 


For someone who finds the arguments in favor of the new theory 
convincing but still only uses the new theory by translating it into the 
vocabulary of the old, the individual transition to the new theory is 
not yet complete. What’s still missing is the unmediated employment 
of the new theory, without the bridge of translation—employment like 
that of one’s own native language. In his work since 1969, Kuhn has 
characterized this final transition by means of the notion of a conver- 
sion.'** Conversion can be neither accomplished nor refused volun- 
tarily; instead, it simply happens over time—or fails to happen, as in 
the most advanced stages of learning a foreign language. Kuhn also 
asserts of the transition to the unmediated employment of the new 
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theory that the notion of theory choice (or the notion of a decision) is 
inapplicable. '®? For these notions imply a voluntary moment inappro- 
priate for the phenomenon in question. 

Yet Kuhn uses the notion of conversion much less specifically in 
SSR. Here ‘‘conversion” refers to the transition from one way of seeing 
science and the world to another, or to the entire process of (individu- 
ally) experiencing a scientific revolution.' This more general use of 
“conversion,” together with Kuhn’s characterizations of conversions 
in SSR, have led to many misunderstandings. We find Kuhn claiming, 
for example, that a conversion experience “cannot be made a step at a 
time, forced by logic and neutral experience.”’?! And yet, at the same 
time, we find that in regard to 


personal and inarticulate aesthetic considerations . . . Men have 
been converted by them at times when most of the articulable 
technical arguments pointed the other way.'” 


Such characterizations appear to place scientific revolutions quite close 
to instantaneous religious conversions, in which rational control is 
largely or completely absent.'* In the German-speaking world, the 
apparently quasi-religious character of scientific revolutions became al- 
most unavoidable with the translation of “‘conversion,” or “to convert” 
by “Bekehrung” and “bekehren,” respectively.'"* But this proximity to 
the cliché of religious conversion was never really part of Kuhn’s the- 
ory; instead, as explained above, revolutionary change is brought on 
by identifiable reasons. '”° 


7.6 Scientific Progress through Revolutions 


On the traditional view, science is usually ascribed cumulative episte- 
mic progress.!%° Kuhn by no means entirely denies the presence in 


189. 1970b, pp. 238, 277; 1970c, SSR p. 204; 1977c, ET pp. 338-339. 

190. SSR, pp. 144, 148, 150 (twice), 151 (twice), 152 (four times), 153, 155, 158 
(twice), 159 (twice). —Conant also uses “conversion” in this way. In discussing Priest- 
ley’s resistance to oxygen, he writes, for example, “But Priestley died in 1804 without 
ever being converted to the new doctrine” (Conant 1947, p. 80). 

191. SSR, p. 150. 

192. SSR, p. 158. 

193. See e.g. Shapere 1971, p. 707, and 1984a, p. 162; Vollmer 1988, p. 205. 

194. In the German edition of SSR, pp. 161, 169; the German translation of 1970b, 
pp. 268, 269; the German translation of 1970c, in SSR, German edition, p. 214; and the 
German edition of 1977c, in ET German edition pp. 443, 444. 

195. Compare §§ 7.4.b and 7.4.c. 

196. Compare § 1.2.a. 


The Dynamic of Scientific Revolutions / 259 


science of this kind of progress, though he confines it to the phase of 
normal science.!”” Scientific revolutions, however, are events in which 
there is no mere cumulation of knowledge; they are constructive- 
destructive. !” In what sort of progress, if any, do scientific revolutions 
result? In § 7.6.a, we will discuss Kuhn’s basic conception of revolu- 
tionary epistemic progress, a conception which will be qualified in §§ 
7.6.b-7.6.d. 


a. Scientific Progress as Increasing Problem-solving Capacity 


Following unexpected discoveries, the theories accepted in the practice 
of normal science are somewhat modified.'? Subsequent to this modi- 
fication, scientists may confront a larger domain of problems or treat 
familiar problems with improved accuracy.”” 

Any discussion of progress through revolutions in which new the- 
ories triumph must begin with the reasons which weigh in the decision 
in favor of a new theory.” For the manner in which a particular field 
develops over the course of revolutions in theory depends on the nature 
of these reasons. A, scientific community’s decision in favor of the new 
theory is based on scientific values and especially on arguments for the 
superior problem-solving capacity of the new theory.” The new the- 
ory must be able both to solve a large portion of the problems dis- 
patched by means of the old theory and to cope with the anomalies 
which brought on the crisis state. 

The progress of some thing involves its positively valued gain 
in some respect important to it.” Both unexpected discoveries and 
revolutions in theory thus result in progress, as problem-solving capac- 
ity is both positively valued in and important to science, and it is 
this problem-solving capacity which increases. In this sense, “scientific 
development is, like biological, a unidirectional and irreversible 
process.’’7*4 

This doctrine allows Kuhn to reject indiscriminate charges of rela- 
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tivism.”” He is especially justified in rejecting the charge that his theory 
falls prey to the kind of relativism on which successive scientific theo- 
ries don’t differ in quality. But this characterization of the scientific 
progress attained through revolutions in theory calls for three impor- 
tant qualifications. 


b. First Qualification: “Losses’’ in Revolutions 


Kuhn often emphasizes the fact that along with a revolution—and the 
associated gain in problem-solving capacity—generally come certain 
losses. Among these are losses in the ability to explain certain phenom- 
ena whose authenticity continues to be recognized, losses of scientific 
problems or the narrowing of the field of research, and, relatedly, 
increased specialization and increased difficulty in communicating with 
outsiders.” And so, for Kuhn, the progress which comes with a revo- 
lution appears to have been bought at the price of a certain recession, 
albeit one quickly forgotten along with the articles and textbooks in 
which the conquered theory, in its historical form, is contained.”” 

But an exposition of the losses attendant on scientific revolutions 
requires some differentiation. For Kuhn talks not simply of the ‘‘relin- 
quishment”’ of explanatory power, problems, and such but rather of 
their “loss,”’ where “loss” implies a negatively valued relinquishment. 
Yet the evaluation of the relinquishment of explanatory power, prob- 
lems, and such in a scientific revolution isn’t necessarily unequivocal. 
This evaluation can (though it doesn’t have to) depend on whether it’s 
conducted from the perspective of the conquered theory or that of the 
revolutionary theory. And so the relinquishment of certain problems 
can be seen as the emancipation from pseudoproblems and the relin- 
quishment of explanations as a liberation from pseudoexplanations and 
thus both may be positively evaluated. 

The examples by which Kuhn illustrates revolutionary ‘“‘losses”’ 
strongly suggest the possibility of such differential evaluation. We find 
him claiming, for example, that 
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the seventeenth century’s new commitment to mechanico- 
corpuscular explanation proved immensely fruitful for a number 
of sciences, ridding them of problems that had defied generally accepted 
solution.? 


In this case, from the viewpoint of the ‘‘new science,” it would be 
inappropriate to describe the relinquishment of such problems as a 
loss. The relinquishment of explanations attained under a theory now 
overcome may behave similarly. For Newtonians from the middle of 
the eighteenth century on, the relinquishment of any ability to explain 
gravitation, which Cartesians had retained, was no loss (though it was 
for Newton himself, and for his immediate successors). Instead, the 
relinquishment of all explanations of gravitation was an immediate 
consequence of its status as one of the ‘“‘physically irreducible primary 
properties of matter.’’*!° 

Regardless of how the victorious community evaluates its relin- 
quishment of problems and explanations, the revolution will, from its 
perspective, represent progress—just as normal science perforce exhib- 
its progress for those who practice it.*!! For with the accomplished fact 
of its choice, based on scientific values, the scientific community bears 
witness to its preferential evaluation of the new theory, thus commit- 
ting itself to the view that its decision is progressive. 


c. Second Qualification: The Devaluation of the Loser’s Perspective 


To be sure, the revolution will be differently evaluated from the per- 
spective of the adherents of a theory abandoned by most community 
members. Sensitivity to their perspective isn’t without consequence, in 
part because, in many revolutions in theory, some scientists, especially 
the elderly, never defect to the new theory,” in part because their 
counterarguments against the new theory are never compellingly re- 
futed.*!> Just as the adherents of the new theory are compelled to see 
the revolution as progressive, these scientists see it as a step backward. 
For one, they negatively evaluate the relinquishment of problems and 
explanations discussed above, assessing it as a real loss. In addition, 
they may find the kind of explanation associated with the new theory 
generally unacceptable. In the history of physics it has repeatedly hap- 
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pened that proponents of the old theory deny any explanatory power 
to the new one, though they concede its markedly improved predictive 
success.!* 

But regardless of how negatively the new theory may be evaluated 
from the perspective of adherents of the old, the victory of the new 
theory leads to the disappearance of this perspective. For succeeding 
generations of scientists attach themselves to the new theory, and the 
proponents of the old, in time, die out. Consequently, only the per- 
spective of the victorious party is preserved, and in this respect—and 


only in this respect 


the member of a mature scientific community is, like the typical 
character of Orwell’s 1984, the victim of a history rewritten by 
the powers that be.*!® 


But in the exposition immediately following this passage, Kuhn ex- 
plains why an expansion of the set of solved problems as well as an 
increase in the accuracy of solutions is practically guaranteed by revolu- 
tion, given the application of scientific values.*!° “Solved problems” 
here evidently refers primarily to theoretical predictions of empirical 
data—in other words, to that which Kuhn also describes as the institu- 
tional goal of normal science.” As far as these solved problems are 
concerned, the progress of science is objective, or independent of the 
different possible perspectives. 


d. Third Qualification: No “Drawing Closer to the Truth” 


But, says Kuhn, in a certain sense scientific development doesn’t ex- 
hibit any progress, namely where progress is taken as a drawing closer 
to the truth. This amounts to the rejection of Peircean realism.?'® In 
SSR, Kuhn claims only that it’s not necessary to conceive of scientific 
development as a drawing closer to the truth; once this conception is 
abandoned, he asserts, a variety of problems disappear.”!” Like phylo- 
genesis, as presented by Darwinian evolutionary theory, scientific de- 
velopment isn’t a process tending toward some fixed goal set in ad- 
vance. Instead it’s a development in which the specialization and 
articulation of scientific knowledge increase. 
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In later work, however, Kuhn offers two arguments supporting 
the claim that the conception of scientific development as a drawing 
closer to the truth is not only just unnecessary but actually untenable. 
These arguments are directed, above all, against the Popperian school 
in the philosophy of science, but the conception at issue is quite com- 
mon among philosophers (especially in the English-speaking world) 
and scientists.”° 

The first argument is historical.*”! The claim that successive theo- 
ries draw closer to the truth primarily asserts that the ontologies of later 
theories are better approximations of that which exists absolutely—the 
purely object-sided—than those of earlier theories. In Kuhn’s own 
words, 


One often hears that successive theories grow ever closer to, or 
approximate more and more closely to, the truth. Apparently 
generalizations like that refer not to the puzzle-solutions and the 
concrete predictions derived from a theory but rather to its ontol- 
ogy, to the match, that is, between the entities with which the 
theory populates nature and what is “really there.”?” 


Claims of increasing proximity to the truth thus, first of all, are distinct 
from the claim that problem-solving capacity increases over successive 
theories, and, second of all, they can’t be justified by reference to this 
increasing problem-solving capacity alone.” But according to Kuhn, 
when we consider an actual historical succession of theories, such as 
the series composed of Aristotelian physics, Newtonian mechanics, and 
Einsteinian general relativity, we find no hint of any ontological 
convergence. On the contrary, in a certain sense the ontology of rela- 
tivity theory is closer to that of Aristotle than to that of Newton. As 
far as the theories themselves are concerned, since there is no indication 
of ontological convergence, there is no evidence for any drawing closer 
to the truth. 

The second argument is epistemologica 
assumption that it’s essentially meaningless to talk of what there really 


1,24 it proceeds from the 
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is, beyond (or outside) of all theory. If this insight is correct, it’s impos- 
sible to see how talk of a ‘“‘match’ between theories and absolute, 
or theory-free, purely object-sided reality could have any discernable 
meaning. How could the (qualitative) assertion of a match, or the 
(comparative) assertion of a better match, be assessed? The two pieces 
asserted to match each other more or less would have to be accessible 
independently of one another, where one of the pieces is absolute real- 
ity. But if we had access to absolute reality—and here we can only 
return to our initial premise—what interest would we have in theories 
about it? 

Scientific progress thus must be interpreted not as a progressive 
approximation of the truth but rather only as an improvement, in the 
instrumental sense, of scientific knowledge; 


Conceived as a set of instruments for solving technical puzzles in 
selected areas, science clearly gains in precision and scope with 
the passage of time. As an instrument, science undoubtedly does 


progress.” 


225. 1979b, p. 418; similarly SSR, p. 173; 1970c, SSR, p. 206. 


SUMMARY OIF PART 11 


THERE ARE TWO ALTERNATING PHASES in the development of the 
mature sciences: normal and revolutionary scientific development. 
Normal science is carried by a broad-based consensus in the relevant 
scientific community, knowledge about a particular phenomenal world 
grows cumulatively, and research practice exhibits marked similarities 
with puzzle-solving. But normal science repeatedly produces anoma- 
lies, anomalies which compel more or less thoroughgoing revisions 
of its guiding regulations. These destructive-constructive episodes in 
scientific development are Kuhnian scientific revolutions. Revolutions 
vary substantially in their extent. Unexpected discoveries may some- 
times be assimilated by small changes in (often merely implicit) expec- 
tations, without necessitating any changes in the formal part of the 
accepted theory. In greater revolutions, theories are entirely discarded 
and new theories take their place. 

The alteration of world-constitutive similarity relations is charac- 
teristic of revolutions. Such alterations simultaneously involve changes 
in the phenomenal world, changes in the empirical concepts with which 
the world is described, and changes in the knowledge implicitly con- 
tained in these concepts. These changes, treated together under the 
rubric of incommensurability, make revolutions complex processes in 
which continuity and discontinuity are knotted together. On Kuhn’s 
view, revolutions by no means proceed irrationally. On the contrary, 
there are phases of reasonable, justified difference of opinion which 
ultimately, following a closer examination of the relevant field from 
different standpoints, make way, under the pressure of arguments, for 
a new consensus, hence a new phase of normal science. Revolutions 
result in scientific progress in the affected disciplines, progress in the 
accuracy and number of problem solutions attained. However, the con- 
ception on which scientific knowledge progressively draws closer, in 
an ontological sense, to “the truth” must be abandoned. 
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Reality as Understood by Kuhn’s 
Philosophy of Science 


IN CONCLUSION, we must inquire into the understanding of reality 
presupposed by or following from Kuhn’s philosophy of science. The 
fundamental point of departure for Kuhn’s understanding of reality is 
the distinction between world-in-itself and phenomenal world.' Ac- 
cording to Kuhn, reality, as it is generally referred to in everyday 
and scientific contexts, is a phenomenal world, not the (only possible) 
phenomenal world, and certainly not the world-in-itself. A phenome- 
nal world contains genetically subject-sided moments, its appearance 
from the “natural” standpoint notwithstanding. But it’s by no means 
a whimsical construction, an arbitrary invention of consciousness. In- 
stead, on Kuhn’s understanding, genetically object-sided moments also 
enter into every phenomenal world. Before I further discuss these char- 
acteristics of phenomenal worlds, the notion of the world-in-itself de- 
serves further attention. 

The concept of the world-in-itself is the product of a conceptual 
process of subtraction, the subtraction from a phenomenal world of all 
genetically subject-sided moments. Four points deserve special atten- 
tion here. This process of subtraction is, first of all, possible in the 
sense that, since phenomenal worlds contain genetically object-sided 
moments in addition to their genetically subject-sided moments, there 
will be something left after subtraction. In addition, the result of this 
process of subtraction is unequivocal in the sense that, regardless of 
which phenomenal world it starts out with, the same world-in-itself 
results.* Furthermore, we can’t say very much about the product of the 


1. Though Kuhn sometimes holds the concept of a world-in-itself to be eliminable; 
cf. § 2.3. —On the following, see above all §§ 2.2, 3.2, and 7.1. 
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place), must surely be distinct from that of a phenomenal world in which there are 
kangaroos. 
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subtraction process, for the world-in-itself is accessible to neither mun- 
dane nor scientific channels. We may only infer some of its most gen- 
eral characteristics on the basis of the function we’ve assigned it, that 
of discernibly contributing to the constitution of phenomenal worlds. 
Finally, the theoretical efficacy of this postulated world is, at least 
within the bounds of a theory like Kuhn’s, highly questionable. 

But however things stand with regard to the world-in-itself, it 
remains of subordinate importance to the issue of Kuhn’s theory’s un- 
derstanding of reality. For reality is always a phenomenal world, 
whether or not a theoretically useful world-in-itself may be gleaned 
from it by subtraction. Kuhn’s theory thus appears to be an idealist 
one, or at least one with strong idealist leanings; for a phenomenal 
world also contains genetically subject-sided moments.’ But this char- 
acterization—which in some circles amounts to utter derision—calls 
for more precise qualification, as its appropriateness stands or falls de- 
pending on what we understand by “‘idealism.”’ 

The following caricature of idealism is widespread. On this carica- 
ture, idealism claims that reality is, in all of its aspects, the product of 
consciousness through and through, where “‘consciousness”’ is under- 
stood as individual consciousness. Nothing truly distinguishes reality 
from the things which occur in dreams; as regards both their material 
existence and all their properties, they are entirely at the whim of the 
subject who imagines them. Reality, in a sense, is the invention of 
consciousness; it is the object of a special kind of dream. 

But this kind of idealism isn’t at all one that applies to the under- 
standing of reality in Kuhn’s theory. I shall elaborate on three points 
of difference. First of all, for Kuhn, reality, that is, a particular phenom- 
enal world, is indeed object-sided, independent of all influence by sub- 
jects, in its substantiality. It’s by no means the case that the substance 
of real objects is the same as that of a winged horse consciously imag- 
ined or dreamed up by some individual. As their substance is purely 
subject-sided, such objects vanish completely, without remainder, once 
they cease being imagined. By contrast, for Kuhn, a phenomenal world 
is a particular reshaping of the world-in-itself, of that which is in itself. 
Kuhn’s is thus hardly an immaterialist position. So the world’s substan- 
tiality isn’t, in opposition to the popular version of idealism, entirely 
at the whim of the individual representing subject. Neither are the 
world’s properties. But, though Kuhn rejects the view on which all of 
the world’s properties are placed on the side of the subject, he doesn’t 
endorse the position at the opposite extreme either. Such a position 
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would be a version of realism on which the properties of reality aren’t 
at the whim of the subject because they attach to the world-in-itself. 
According to this version of realism, the properties of reality are, in 
origin, entirely object-sided; they are given of whole cloth to epistemic 
subjects and aren’t open to dispute. Kuhn’s position is located some- 
where between these coarse, popular forms of idealism and realism, 
respectively. 

In order to situate his position more precisely, let us consider the 
network of similarity and dissimilarity relations which serves as the 
foundation both of the organization of a phenomenal world and of the 
language geared toward this phenomenal world. A network of similar- 
ity relations of this kind is the product of a historical process, that of 
the development of a given language, together with the development 
of the particular understanding of reality implicit in this language. This 
historical process generally has no driving agent, though it does have 
a reference point in its corresponding linguistic community. Accord- 
ingly, the network of similarity and dissimilarity relations is, at most, 
the “property” of this community, and, as such, isn’t open to free 
dispute by individuals. Just as an individual can’t change grammatical 
rules—though, to be sure, the individual might, by systematic viola- 
tion of these rules, leave the linguistic community—neither can any 
individual change the structuring of the world inherent in a scientific 
or an everyday language. An individual might, of course, lend impetus 
toward linguistic change, but the success of such change in the appro- 
priate community is an essentially social process. And so the element 
of idealism in Kuhn’s understanding of reality, whatever it turns out 
to be, is of a social, not an individual, nature. 

Third, given all that’s been said so far, Kuhn’s understanding of 
reality might still, in some rough sense, be idealistic, if it allowed the 
particular ordering of any phenomenal world to be entirely indepen- 
dent of all object-sided influence. Though this wouldn’t be individual 
idealism, it would still be a rough form of idealism to the extent that 
it failed either to admit a world-in-itself,; or properties attached to the 
world-in-itself, or any capacity on behalf of the world-in-itself or its 
properties to affect our actual understanding of reality. 

But according to Kuhn, any net of similarity and dissimilarity rela- 
tions is also, in part, determined by genetically object-sided influences. 
For on Kuhn’s conception, the world-in-itself offers resistance, resis- 
tance which makes it impossible to impose just any network of similar- 
ity relations. To be sure, such resistance isn’t of the kind which would 
uniquely determine which network of similarity relations will be im- 
posed; for we recall that all of the conceptual systems accepted at one 
point or another in the history of science were successful, in a given 
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domain of phenomena, for a certain amount of time. The proprietary 
resistance of the world-in-itself makes itself felt more indirectly, not 
by unique determination. Its presence in scientific development reveals 
itself especially in the following situations. 

First of all, it reveals itself when, over the course of the commu- 
nity-sanctioned research activity of normal science, significant anoma- 
lies appear, situations in which something happens which violates the ex- 
pectations permitted by the network of similarity relations. In this case 
the consensus which reigned up to this point is shattered in a manner 
not explicable by social causes alone. For those forms of resistance 
which, though experienced in the perception and thought of many 
individuals, result from purely social circumstances may be a prerequi- 
site of uniformity, but they can’t destroy uniformity. Consequently, 
the proprietary resistance of the world-in-itself must be a participant 
in the production of significant anomalies. 

In addition, the proprietary resistance of the world-in-itself reveals 
itself with particular clarity when, in an effort to cope with anomalies, 
an attempt is made to modify a previously successful network of simi- 
larity and dissimilarity relations in such a way as both to preserve the 
classifications worth preserving and to transform anomalies into the 
scientifically expected. The demands this effort places on revolutionary 
science are extraordinarily difficult to meet. But scientists don’t experi- 
ence this difficulty only as the difficulty involved in seeking the social 
acceptance of one’s own opinion. In addition to the problem of de- 
fending favored candidate solutions socially, there is also the problem 
of finding solutions which meet one’s own standards.* In solving this 
problem, one must grasp the world’s unexpected behavior conceptu- 
ally, where the socially accepted regulations which reigned up to now 
no longer offer any (more or less) unequivocal guidance toward this 
end. This situation, therefore, can’t be understood as a confrontation 
between the individual and purely social constraints. Instead, the indi- 
vidual must cope with something which, to all appearances, may only 
be conceived as the resistance of the world-in-itself. 

In the network of similarity and dissimilarity relations coconstitu- 
tive of a given phenomenal world, genetically object-sided and geneti- 
cally social, subject-sided moments are united. And so when we exam- 
ine a given such network, we can’t separate these moments from each 
other; there is no way of telling where, precisely, either genetically 


4. Of course such standards also have a social moment. But if it were only a matter 
of satisfying the purely social moment, then all innovations whose eventual acceptance 
was assured would—as never actually happens—gain immediate acceptance in the com- 
munity, since their salient quality is, ex hypothesi, conformity with the social. 
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subject-sided or genetically object-sided moments are located. Accord- 
ingly, we can never subtract the genetically subject-sided from a phe- 
nomenal world in such a way as to permit our undistorted view of the 
purely object-sided, of absolute reality, or of the world-in-itself. The 
concrete properties of the world-in-itself are, rather, inaccessible; 
though we feel the effects of these properties in the resistance the world 
offers to our epistemic efforts, we aren’t in a position to grasp this 
resistance as it is in itself. 
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